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1.  On  Bacbythebium  ovinum /row  the  Isle  op  Wight  aMrfQuEBor. 
By  R.  LrDEKKEE,  Esq.,  B.A.,  F.G.S.     (Head  November  11, 1891.) 

[Plate  I.] 

Aa  far  back  as  1857  Sir  Richard  Owen  described  and  figured  in 
this  Society's  Journal  ^  the  nearly  complete  mandible  of  an  Ungulate 
mammal  from  the  Headon  beds  (Lower  Oligocene)  of  the  Isle  of 
Wight  under  the  name  of  Dichohune  ovina.  Subsequently  it  was 
pointed  out  by  P.  Gervais  *  that  this  species  could  not  belong  to  the 
genus  Dichobane  (or  Dlchobumis,  as  it  should  be  called),  but  that 
it  was  closely  allied  to  Xipkodon,  At  a  still  later  period  I  myself 
came  to  the  conclusion  that  the  so- called  Dichohune  ovina  should  be 
referred  to  the  genus  Dacrytherium^  established  by  Dr.  H.  Filhol  * 
on  specimens  obtained  from  the  Quercy  Phosphorites  of  Central 
France,  and  I  accordingly  adopted  for  the  name  of  the  species 
Daerytherium  ovintim. 

With  regard  to  the  French  specimens  on  which  the  genus  and 
species  Daerytherium  Cayluod  were  established  by  Dr.  Filhol,  it  may 
be  observed  that  the  most  important  are  a  cranium  and  a  mandible, 
which  were  said  to  be  associated.  These  specimens  were  subse- 
quently described  in  the  *  Ann.  Sci.  Geol.*  vol.  viii.  (1877)  pp.  217 
et  aeq.y  the  cranium  being  represented  in  pi.  xviii.  figs.  311-313, 
and  the  mandible  in  pi.  x.  figs.  254-256.  It  being  assumed  that 
the  cranium  and  mandible  were  associated,  neither  was  specially 
distinguished  as  the  type,  but  since  the  name  Daerytherium  was 
appropriately  given  from  the  presence  of  a  large  lachrymal  fossa  in 

^  Quart  Journ.  (Jeol.  Soc.  toI.  xiii.  (1857)  p.  254,  pi.  yii. 
»  Zool.et  Pal.  Francjaises,  2nd  ed.  (1859)  p.  159. 
'  Oat.  Foes.  Mamm.  Brit  Mus.  pt  ii.  (1885)  p.  187. 
*  Ooinptes  EenduF,  vol.  kxni.  (1876)  p.  288. 

a  J.  G.  S.  No.  189.  B 
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the  cranium,  it  is  manifest  that  the  latter  must  he  regarded  as  the 
actual  type  of  the  genus  and  species. 

In  referring  Dlchobune  ovina  to  Dacrytherium  I  was  mainly 
guided  hy  the  character  of  the  cranium,  in  which  one  of  the  most 
striking  features  is  the  great  length  of  the  space  occupied  hy  the 
dental  seties.  The  mandihle  referred  to  D,  Cayluad  presented, 
however,  several  points  of  difference — more  especially  as  regards  the 
form  of  the  canine — from  that  of  D,  ovinum,  and  I  accordingly 
came  to  the  conclusion  that  there  must  he  two  species  of  the  genus. 

Thus  the  matter  stood  till  a  few  months  ago,  when  Mr.  A.  Smith 
Woodward  called  my  attention  to  a  series  of  specimens  from  the 
French  Phosphorites  which  he  had  hrought  from  the  Continent  with 
a  view  to  their  being  suhsequently  purchased  by  the  British  Museum. 
Among  these  specimens  was  a  fairly  well  preserved  cranium  of 
DoLcryiherium  Cayltuvi,  together  with  a  nearly  entire  right  man- 
dibular ramus  said  to  be  associated  therewith ;  both  having  been 
obtained  from  the  department  of  the  Lot. 

On  comparing  the  cranium  with  the  type-specimen  figured  by 
Eilhol  the  specific  identity  of  the  two  may  be  inferred  from  their 
almost  exact  similarity,  the  last  five  cheek-teeth  having  a  total  length 
of  45  millim.  in  both  specimens.  The  new  specimen  is,  however, 
distinguished  by  the  presence  of  a  slight  diastema  between  the  small 
premolariform  canine  and  the  first  premolar,  whereas  in  the  type 
all  the  teeth  of  each  side  are  in  contact.  Such  a  variation  I  can 
only  regard  as  sexual,  since  we  have  fair  evidence  that  more  marked 
variations  of  a  similar  nature  existed  in  Hyopotamus.  The  present 
specimen  is  broken  off  in  advance  of  the  canine,  so  that  it  does  not 
exhibit  the  most  remarkable  feature  of  the  genus — viz.  the 
circumstance  that  the  premolariform  incisors  are  continued  on  in 
the  line  of  the  premolars,  so  that  the  first  incisors  of  the  two  sides 
are  separated  from  one  another  by  an  interval  nearly  as  great  as 
that  which  divides  the  premolars  of  opposite  sides. 

One  feature  is  exhibited  by  the  present  specimen  which  is  not 
shown  in  Eilhors  figure.  In  the  latter  the  upper  true  molars 
appear  to  have  flattened  external  surfaces  to  their  outer  lobes,  like 
those  of  typical  species  of  Anoplotherium ;  whereas  in  reality  these 
surfaces  are  much  incurved  and  inclined  towards  the  centre  of  the 
crown,  so  that  the  whole  tooth  is  practically  indistinguishable  from 
a  molar  of  Hyopotamus,  This  shows  that  the  upper  molars  from 
the  Lower  Oligocene  of  Switzerland  figured  by  Pictet  ^  as  Hyopotamus 
Gresslyiy  and  subsequently  made  by  myself  ^  the  type  of  a  distinct 
species,  under  the  name  of  H  Picieti,  really  belong  to  Dacrytherium 
and  probably  to  the  Quercy  species.  One  of  the  upper  molars  of 
the  specimen  under  consideration  is  represented  in  figs.  1,  la  of 
the  accompanying  plate. 

The  lower  jaw  of  the  new  specimen  is  represented  in   the 
accompanying  plate,  figs.  2,  2a,  in  which  are  shown  both  the  outer 

1  Mat6r.  p.  la  Pal.  Suisse,  yol.  i.— Yert  de  la  Faune  Eoodne,  Suppl.  (1869) 
pi.  xxiv.  fig.  5. 
^  Q«oL  Mag.  for  1885,  p.  131. 
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eide  of  the  ramus  and  the  oral  surface  of  the  teeth.  The  ramus  has 
lost  the  summit  of  the  coronoid  process  and  part  of  the  "  angle,"  as 
well  as  the  extremity  of  the  symphysis.  The  three  true  molars, 
the  first  three  premolars,  and  the  canine  are  perfect,  hut  the  crown 
of  the  fourth  premolar  is  hroken  off,  and  the  incisors  are  wanting. 
The  jaw  agrees  in  all  its  proportions  with  the  cranium,  this  heing 
especially  shown  hy  the  small  premolariform  canine,  separated  hy  a 
short  interval  from  the  first  premolar ;  so  that,  altogether  apart  from 
the  alleged  association,  I  feel  no  hesitation  in  referring  it  to  the 
same  species  as  the  cranium.  The  three  remaining  premolars  are 
trenchant  teeth,  the  second  and  third  heing  almost  in  contact,  hut 
the  small  first  one  heing  separated  from  the  second  by  an  interval 
about  the  same  as  that  which  divides  it  from  the  equally  small  and 
nearly  similar  canine. 

Compared  with  the  type  of  Dichohune  ovina,  PI.  I.  fig.  3,  in  which 
the  first  and  second  incisors  are  wanting  on  both  sides,  the  present 
ramus  agrees  so  exactly  as  not  only  to  confirm  my  reference  of  the 
former  to  Dacrytherium,  but  likewise  to  show  that  both  the  French 
and  English  specimens  belong  to  a  single  species. 

If,  however,  we  compare  the  mandible  represented  here  with 
the  one  figured  by  Filhol  in  the  *  Ann.  Sci.  Geol.'  vol.  viii.  pi.  x.  , 
figs.  254-256,  we  shall  find  such  marked  differences  between  them 
as  to  show  that  they  cannot  belong  to  the  same  form.  Thus  in  the 
latter  the  second  and  third  premolars  are  larger  than  in  the  present 
specimen,  while  the  canine,  instead  of  being  a  small,  upright, 
premolariform  tooth,  is  comparatively  large,  prodivous,  and  incisor- 
like; while  the  incisors  themselves  are  also  proclivous.  If  the 
length  of  the  dental  series  in  the  mandible  figured  by  Filhol  be 
compared  with  that  of  the  upper  dental  series,  it  will  be  seen  at 
once  to  be  too  short,  while  the  proclivous  inoisor-like  canine  and 
incisors  are  not  the  sort  of  teeth,  either  in  place  or  position,  which 
could  be  opposed  to  the  corresponding  teeth  of  the  upper  jaw.  I 
have,  therefore,  no  hesitation  in  concluding  that  the  mandible 
figured  by  Filhol  as  that  of  Dacrytherium  belongs  to  another  form  ; 
and  consequently  that  his  D,  Gayluxl  is  specifically  the  same  as  the 
so-called  Dichohune  ovina.  The  synonymy  of  that  species  will 
accordingly  be  as  follows,  viz. : — 

Dacbytheeium  ovinum  (Owen). 

Bichobune  ouina,  Owen,  1857. 

?  Hyopotamus  Gresslyi,  Pictet,  1869  (non  Tapimdon  Gresslyi,  Meyer). 

Dacrytherium  Cayluxi,  Filhol,  1876. 

^Hyopotamus  Picteti,  Lydekker,  1885. 

Dttorytherium  cayluxense,  Lydekker,  1885. 

Dacrytherium  ovvnum^  Ljdekker,  1885. 

This  identification  of  the  French  with  the  English  species  of 
Dacrytherium  adds  one  more  to  the  list  of  mammals  common  to  the 
Phosphorites  and  the  Headon  beds,  and  thus  tends  to  confirm  the 
4U3Cumulating  evidence  that  the  former  should  be  regarded  as  of 
Lower  Oligocene  (Upper  Eocene)  rather  than  Middle  Oligocene 
^Lower  Miocenq)  ago.     It  may  be  added  that  my  suggested  iden- 

b2 
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tification  of  Xiphodon  jplatyceps "  with  Dacrytherium  proves  to  be 
unfounded,  the  skull  of  that  species,  as  pointed  out  by  its  describer, 
clearly  having  no  lachn'mal  fossa. 

In  regard  to  the  affinities  of  Dacrytherium^  I  am  still  inclined  to 
look  upon  it  as  most  nearly  allied  to  Anoploiherium,  The  structure 
of  the  upper  molars  connects  it,  however,  rather  with  Hyopotamus 
than  with  Xiphodon.  Moreover,  relationship  with  Hyopotamus  is 
suggested  by  the  presence  of  a  descending  flange  to  the  angle  of 
the  mandible ;  while  in  that  genus  we  also  find  a  slight  separation 
of  the  first  upper  incisors  in  the  middle  line.  If,  moreover,  Dr.  M. 
Schlosser  is  right  in  his  suggestion  that  Dacrytherium  was  tetra- 
dactylate,  we  shall  have  further  indications  of  a  certain  affinity 
between  this  Anoplotherioid  and  the  Anthracotheriidce, 

EXPLANATION  OF  PLATE  L 

Figs.  1,  la.  Third  left  upper  molar  of  Dacrytherium  ovinunif  from  the  Phos- 
phorites. \  and  f .  pr,  protocone;  pa,  paraoone ;  me,  metacone ;  hy, 
hypocone ;  pi,  prutoconule. 

Figs.  2,  2a.  Outer  and  oral  view  of  the  right  ramus  of  the  mandihle  of  ditto ; 
from  the  Phosphorites.     \.    <?,  canine ;  p.  1-4,  premolars ;    tw*  1-3, 
molars. 
«Fig.  3.  Oral  aspect  of  the  left  lower  teeth  of  ditto ;  from  the  Isle  of  Wight.   \, 

Discussion. 

Mr.  Charlesworth  said  that  he  was  wholly  unacquainted  with  the 
extinct  Mammalian  genus  Dacrytherium^  hut  if  the  now  proposed 
location  of  Dichohune  ovina  of  Owen  in  the  former  genus  were 
accepted,  this  transfer  involved  the  total  elimination  of  the  Ano-^ 
plotherian  suh-genus  Dichohune  of  Cnvier  from  the  British  list,  in 
which  it  was  placed  hy  Sir  Richard  Owen  in  the  year  1846.  It  wa& 
very  much  to  he  regretted  that  Sir  Kichard  was  not  present  to  state 
his  views  in  regard  to  the  grounds  of  the  proposed  transfer,  as  he  had 
told  the  speaker  twenty  years  ago  that  he  was  then  at  work  upon  a 
new  edition  of  the  *  History  of  British  Fossil  Mammals/ which  edition 
the  speaker  feared  would  hardly  now  he  forthcoming,  at  least  in  the 
life-time  of  the  author.  In  1841  Mr.  Green,  of  Bacton,  puhlished 
an  account  with  figures  of  some  Bacton  fossil  molar  teeth,  which  Sir 
Bichard  Owen  in  the  following  year,  at  the  Manchester  meeting  of 
the  British  Association,  treated  of  as  referable  to  Dichohune.  At  the 
conclusion  of  the  meeting  Mr.  Charlesworth  went  to  Norwich  to  see 
the  teeth  in  question,  which  had  passed  into  the  possession  of  the 
Norwich  Museum ;  and  a  re-examination  of  these  teeth  proved  their 
supposed  Anoplotherian  characters  to  have  originated  in  error. 
In  conclusion,  the  speaker  said  that  all  palaeontological  history 
demonstrated  the  imperative  necessity  for  not  accepting  finality  in 
the  revision  of  generic  identifications  until  the  views  advanced  by 
one  palaeontologist  met  with  confirmation  hy  other  workers  in  the 
same  field  of  scientific  research. 

Mr.  E.  T.  Newton  felt  every  confidence  in  accepting  Mr.  Lydekker** 
correction  of  the  synonymy  of  the  forms  alluded  to  in  this  paper. 
I  Flower,  Proc.  Zool.  Soc.  1876,  p.  3,  pL  i. 
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I.  Conditions  that  preceded  the  formation  of  the 
Glen  Bot  Laee — the  Western  Ice. 

In  order  to  have  a  right  conception  of  the  manner  in  which  the 
Glen  Roy  Lake  originated  it  is  necessary  to  have  some  knowledge 
of  the  state  of  matters  that  preceded  it.  During  the  Glacial  period 
the  ice  npon  the  West  side  of  Scotland  seems  to  have  been  vastly 
thicker  than  it  was  on  the  East,  owing  no  doubt  to  the  snowfall 
having  been  much  heavier  in  the  former  district,  just  as  is  now  the 
case  with  the  rainfall  there.  The  amount  of  rain  in  the  West^ 
Highlands  is  twice  or  three  times  what  it  is  on  the  East  coast. 
This  is  due  not  so  much  to  the  greater  height  of  the  hills  as  to  the 
fact  that  the  clouds  of  vapour  coming  from  the  Atlantic  have  most 
of  their  moisture  condensed  there.^  It  is  there  that  the  wet  sponge 
is  first  squeezed.  The  rain-gauge  on  the  top  of  Ben  Nevis  has 
yielded  no  less  than  145  inches  of  water  in  the  course  of  a  single 
year,  whereas  at  Laggan,  in  the  upper  part  of  Strath  Spey,  the 
average  is  46,  and  on  the  shores  of  the  Moray  Eirth  only  from  25 
to  30  inches.  It  is  also  important  to  observe  that  it  is  during 
winter  that  the  greatest  precipitation  takes  place.  In  some  seasons 
as  much  falls  on  Ben  Nevis  in  the  month  of  December  alone  as 
there  does  near  Inverness  in  the  course  of  a  whole  year. 

We  shall  probably  not  be  far  wrong  in  assuming  that  during  the 
Glacial  period  most  snow  fell  in  Scotland  where  there  is  now  most 
rain,  and  if  we  consult  the  valuable  maps  which  we  owe  to  - 
Mr.  Symons  and  Mr.  Buchan  we  shall  see  that  the  wettest  part  of 
the  country  lies  along  the  region  which  extends  from  the  mouth  of 
the  Clyde  to  the  Isle  of  Skye,  passing  right  across  the  entrance  to 

^  Quart.  Joum.  Geol.  Soc.  vol.  xxx.  (1874)  p.  334. 


Digitized  by  VjOOQ IC 


RAIN-MAP  OF  SCOTLAND. 

{Adapted  f^/ynv  B-ucTian. ) 


\r  \s  \5  \t  i3  1^       ll 


EX.PLANAT/0//: 

. 25to40lhihes 

40  to  80    , 

80  InAes  ai^msrdsr: 


Digitized  by  LjOOQIC 


BUPFLBMXirrABT  BBMABSB  OK  QLKS  HOT.  7 

the  Great  Glen  of  the  Caledonian  Canal  where  Ben  Neyis  is  situated. 
Here  then  would  he  the  heaviest  falls  of  snow,  and  as  snow  is  the 
mother  of  glaciers  here  also  would  he  the  heaviest  ice.  Accordingly, 
we  find  ample  evidence  that  all  along  the  West  coast  from  Argyll 
to  Cape  Wrath  the  accumulation  Was  enormous.  A  Uno  drawn 
from  Ben  Nevis  past  the  Moor  of  Bannoch  to  the  head  of  Loch 
Lomond  marks  the  centre  of  what  seems  to  have  heen  the  greatest 
ioe-field  in  Scotland.  Another  line  drawn  from  the  top  of  Glen 
Arkaig  northward  to  Loch  Shin  indicates  the  middle  of  the  ice- 
field which  was  prohahly  next  in  importance.  The  outward  move- 
ment of  the  ice,  as  deduced  from  the  glaciation  of  the  rocks  and 
transport  of  houlders,  seems  to  have  proceeded  from  these  two 
lines;  we  may  therefore  conclude  with  considerable  confidence 
that  the  greatest  precipitation  of  snow  took  place  there,  and  it  is 
interesting  to  note  that  this  coincides  very  well  with  what  is  now 
the  region  of  greatest  rain.  Seeing  that  these  two  ice-fields  met 
and  coalesced  at  the  western  entrance  of  the  Caledonian  Canal,  i€ 
is  evident  there  must  have  been  a  great  congestion  in  that  quarter, 
for  here  was  a  narrow  passage  with  heavy  streams  of  ice  coming 
into  it  from  the  glens  on  both  sides  all  the  way  down  to  the  head 
of  Loch  LiiAihe.  ^The  quantity  of  ice  that  filled  the  Great  Glen 
and  the  mouth  of  Glen  Spean,  was  so  gveat  that  it  eventually  over- 
flowed the  passes  leading  eastward  into  the  valleys  of  the  Nairn 
and  the  Spey,  notwithstanding  that  many  of  these  passes  are 
actually  higher  than  those  to  the  westward  which  lead  out  to  the 
Atlantic.  This  western  ice  broke  over  Strath  Errick  in  great 
force ;  it  filled  Glen  Gluoy  and  flowed  out  at  the  top  of  it ;  it  like- 
wise occupied  Glen  Boy,  and  went  out  to  the  eastward  over  the 
pass  at  the  head  of  that  glen.  It  also  did  the  same  at  Makoul 
in  Glen  Spean,  so  that  before  the  era  of  the  lakes  the  western  ice 
discharged  itself  Qver  the  very  same  cols  over  which  the  water  , 
flowed  at  an  after  period.  Some  evidence  of  this  was  given  in  my 
paper  on  the  glaciation  of  Scotland,  to  which  I  would  here  refer. 

It  is  necessary  to  have  a  clear  perception  of  this  important 
feature  in  the  glaciation  of  Scotland,  namely  the  much  deeper 
accumulation  of  ice  on  the  West,  otherwise  it  is  quite  impossible 
to  understand  many  of  the  results  to  which  it  gave  rise.  For 
ozample,  it  has  often  been  asked,  with  some  degree  of  perplexity, 
how  it  could  be  that  Glen  Boy  and  other  glens  to  the  eastward 
were  empty  of  ice  while  glaciers  of  such  magnitude  occupied  Glen 
Treig  and  the  valley  of  the  Caledonian  Canal.  "  Is  it  likely,"  asks 
Mr.  Milno-Home,  "  that  in  this  Lochaber  district  some  glens  should 
have  been  filled  with  solid  ice  ani  others  with  water  ?  "  "  Why," 
says  Frestwich,  '*  should  the  Arkaig  hOls  have  their  huge  glacier 
and  the  neighbouring  range  north  of  the  Spean,  at  the  same  time, 
none?*'^ 

Looking  merely  at  the  comparative  height  of  the  hills,  these 
objections  seem  perfectly  reasonable,   but  the  paradox  is  solved 
when  we  consider  the  comparative  rainfall  and  reflect  what  would 
>  Phil.  Trans.  Boy.  Soc.  for  1879,  vol.  clxz.  p.  676. 
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^nsue  duridg  a  Glacial  period  'when  that  fall  took  the  shape  of 
snow.  For,  -with  regard  to  snow,  there  is  an  important  circumstanoe 
to  be  kept  in  view,  the  fall  result  of  which  is  apt  to  be  lost  sight  of. 
Kain  runs  off  as  it  falls,  and  there  is  no  storage  from  year  to  year ; 
with  snow  the  case  is  very  different.  *  Take  two  adjoining  districts 
where  the  snowfall  is  as  two  to  one.  Say  that  in  the  course  of  a 
year  twenty  measures  of  snow  fall  on  A  and  only  ten  on  B,  and  that 
the  loss  by  melting  and  evaporation  amounts  to  eight  measures  in 
each  of  them.  The  result  is  that  on  B  two  measures  of  snow 
remain  for  conversion  into  ice,  and  on  A  twelve;  so  that  although 
the  fall  is  only  as  2  to  1  the  growth  of  ice  will  be  as  6  to  1.  Let 
this  process  go  on,  not  for  one  year  but  for  a  thousand  or  many 
thousand  years,  and  it  is  easy  to  see  how  the  ice  will  grow  upon 
the  one  and  gain  upon  the  other.  Put  A  for  the  West  Highlands 
and  B  for  the  East,  and  this  will  help  to  show  how  it  came  to  pass 
that  there  was  such  an  excess  of  ice  on  the  former.  It  was  the 
cumulative  effect  of  this  storage  of  the  surplus  continuing  through- 
out so  many  ages  that  gave  rise  to  such  strange  results,  not  only 
in  Scotland,  but  also  in  Ireland,  Scandinavia,  and  North  America.. 
The  mass  of  ice  lying  over  Argyllshire  and  the  West  Highlands  ' 
being  immensely  thick  must  of  necessity  have  lingered  on  for  a 
very  long  time  after  the  thinner  ice  to  the  north-east  had  melted  j 
away,  and  as  this  region  of  thick  ice  lay  right  across  the  mouthJ 
of  the  glens  where  the  Lochaber  lakes  were  situated,  it  explains 
in  a  consistent  and  reasonable  manner  that  very  remarkable  circum-' 
stance  which  has  appeared  so  inexplicable  to  Prestwich,  Milne- 
Home,  and  many  other  observers. 

II.  Level  op  the  Snow-like. 

Prof.  Prestwich,  however,  finds  a  serious  objection  to  this  view 
of  the  matter  on  account  of  "  the  excessive  inequality  in  the  level 
of  the  snow-line  in  closely  adjacent  districts  which  it  would 
necessitate."  ^ 

But  the  level  of  the  snow- line  is  a  different  question  altogether, 
and  is  regulated  chiefly  by  the  summer  heat.  An  excessive  quantity 
of  snow  would,  I  imagine,  dischai^e  itself  below  the  level  of  the 
line  as  a  glacier.  Where  there  was  much  snow  there  would  be  a 
big  glacier ;  where  there  was  less  there  would  be  a  smaller  one, 
and  where  there  was  little  snow  there  would  be  none  at  all ;  yet 
the  general  level  of  the  snow-line  might  be  comparatively  regular 
all  along.  Permanent  snow  when  it  accumulates  thickly  passes 
into  the  form  of  ice,  and  this  glacier-ice  does  not  conform  to  the 
level  of  the  snow-line,  but  may  descend  far  below  it  In  West 
Greenland,  where  the  glaciers  come  down  into  Baffin's  Bay,  the 
level  of  the  snow-line  is  more  than  2,000  or  even  2,500  feet  above 
the  sea ;  but  we  must  not  exaggerate  its  regularity,  for  Mr.  Hol- 
land ^  tells  us  that  patches  of  snow  occur  here  and  there  far  below 

1  Op.ciY.p.674. 

=  Quart.  Journ.  Geol.  See.  vol.  xxxiii.  (1877)  p.  153. 
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it,  down  in  some  places  near  to  the  shore,  even  in  August.  If  three 
times  as  mnch  rain  falls  on  Ben  Nevis  as  there  does  at  Laggan, 
there  is  surely  nothing  unreason ahle  in  assuming  that  the  fall  of 
snow  would  have  heen  in  somewhat  similar  proportion.  At  all 
events  I  must  demur  to  the  position  that  this  assumption  is  not  to 
he  made  lest  we  offend  the  susceptibilities  of  the  snow-line.  When 
the  glacial  covering  was  in  a  state  of  full  growth  the  whole  district 
may  have  been  above  the  snow-line,  hut  when  it  was  in  a  state  of 
decay  (as  it  evidently  was  at  the  time  of  the  lakes)  the  snow -line 
would  have  risen  very  considerably. 

III.  Lake  fobmed  dueino  the  decay  op  the  last  Ice-shebt. 

!  The  state  of  preservation  of  the  Parallel  Eoads  is  such  that 
it  is  quite  clear  no  glaciers  can  have  gone  over  them.  We  must 
: therefore  assign  their  origin  to  a  comparatively  late  stage  of  the 
I  Glacial  period.  In  another  paper  ^  I  have  endeavoured  to  show 
that  a  great  development  of  ice  took  place  in  Scotland  after  the 
formation  of  those  marine  beds  along  the  east  coast  which  contain 
Arctic  shells.  This  last  phase  of  the  period  was  no  time  of  mere 
local  glaciers  issuing  from  a  few  of  the  higher  mountains^  bnt  the 
return  of  severe  glacial  conditions  which  spread  over  the  whole 
country ;  and  it  was  during  the  decay  of  this  last  mantle  of  ice 
that  I  believe  the  Parallel  Roads  were  formed.  I  am  therefore 
unable  to  agree  with  Prof.  Prestwich  when  he  assigns  them  to 
^*  a  phase  of  the  early  or  first  Glacial  period.*'  * 

Evidently  the  thinner  ice  away  to  the  north-east  must  have  gone 
-off  first,  and  that  part  of  Scotland  which  lies  between  the  Moray 
Firth  and  the  Firth  of  Forth,  round  by  Aberdeenshire,  seems  to  have 
become  clear  a  long  time  before  the  thicker  ice  gave  way  in  the 
western  glens.  It  was  this  that  gave  rise  to  the  glacial  lakes  of 
Lochaber. 

The  same  or  a  very  similar  idea  has  been  well  expressed  by  a 
Norwegian  geologist,  Andr.  M.  Hansen,'  who  applies  it  not  only  to 
the  explanation  of  certain  high-lying  terraces  in  Scandinavia,  but 
makes  special  reference  to  the  Glen  lloy  problem.  He  insists  that 
it  was  the  great  decaying  mass  of  what  he  calls  the  '*  inland  ice," 
and  no  local  glaciers,  that  constituted  the  barriers  of  the  lakes. 

IV.  End  op  the  two  Uppee  Lines  ik  the  Obdnance  Map  : 

Explanation  simplified. 

At  the  time  I  wrote  my  previous  paper  on  Glen  Eoy  there  was 
-considerable  uncertainty  as  to  where  the   lines  finally  terminate. 

^  *  On  the  last  stage  of  the  Glacial  period  in  North  Britain/  Quart  Joum. 
Geol.  8oc.  Tol.  XIX.  (1874)  p.  317. 

2  Phil.  Trans.  Roy.  Soo.  for  1879,  toL  clxx.  p.  677. 

^  '*  Om  seter  eller  strandlinjer  i  store  hvider  oyer  havet,'  Archir  for  Math, 
og  Naturvidensk.  Christiania,  1885.  See  also  letter  in  *  Nature/  January  21, 
1886,  p.  268. 
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The  Ordnance  Survey  had  not  then  extended  to  the  district,  and  no 
good  map  existed  to  show  the  topographical  features  with  accaracy. 
Agassiz  insisted  that  all  the  three  Glen  Boy  lines  were  marked  on 
!i  certain  part  of  the  south  side  of  Glen  Spean.  "These  three 
terraces/*  he  says,  **  though  in  a  less  perfect  state  of  preservation^ 
are  repeated  for  a  short  distance  at  exactly  the  same  level  on  the 
southern  wall  of  the  valley  of  Glen  Spean,  just  opposite  the  opening 
of  Glen  Roy."  ^  This,  however,  appears  to  be  a  mistake.  At  least 
I  could  find  no  trace  of  the  two  upper  lines  in  any  part  of  Glen 
Spean,  neither  have  the  Ordnance  Surveyors  or  any  othe^  person 
been  able  to  discover  them,  and  I  suggested  that  during  the  period 
to  which  they  belong  all  the  lower  part  of  Glen  Spean  might  have 
been  filled  with  ice,  and  hence  the  absence  of  the  two  upper  linea 
there.  I  thought,  however,  I  could  perceive  a  faint  trace  of  the 
uppermost  line  in  Glen  Glaster,  even  when  checking  my  observation 
by  the  spirit-level ;  but  the  Ordnance  map  makes  it  stop  just  above 
the  mouth  of  that  ravine  and  not  enter  it  at  all.  Nevertheless 
Mr.  Milne-Home  ^  in  his  last  paper  maintains  that  it  does  occur 
there,  so  that  the  matter  is  not  altogether  free  from  doubt. 
If  it  does,  it  is  at  all  events  very  obscurely  marked.  Although 
this  may  be  thought  rather  a  matter  of  minor  detail!  yet  the 
point  is  one  of  some  importance  in  the  explanation  ^  the  phe- 
nomena,  and  a  good  deal  turns  upon  it,  because  if  the  water  had 
stood  for  any  length  of  time  in  Glen  Glaster  at  the  level  of  this 
uppermost  line  we  would  require  to  have  something  blocking  the 
col  at  the  top,  otherwise  the  water  would  have  escaped  over  it,  and 
could  never  have  stood  above  the  level  of  the  middle  line  which 
corresponds  with  the  Glen  Glaster  col.  In  my  former  paper  I 
assumed  that  such  a  block  was  necessary,  and  showed  that  it  could 
be  accounted  for  by  the  Treig  glacier,  which  during  a  certain  stage 
of  its  existence  protruded  right  across  Glen  Spean  and  rose  to  a 
great  height  upon  the  hills  on  the  opposite  side  of  the  valley,  thus 
barring  the  passage  to  the  eastward.  £ut  if  it  turns  out  that  the 
highest  line  is  really  quite  absent  in  Glen  Glaster,  then  this  blocking 
of  its  col  is  not  required.  Depending  on  the  accuracy  of  the  Ord- 
nance Survey  I  shall  assume  such  to  be  the  case.  I  shall  also 
assume  that  the  middle  line  does  not  extend  farther  down  Glen 
Boy  than  where  the  Ordnance  map  shows  it,  namely  opposite  the 
middle  of  Bohuntine,  and  consequently  that  Agassiz  was  wrong  in 
supposing  that  the  two  upper  lines  go  down  to  Glen  Spean.  These 
assumptions  relieve  us  of  certain  difficulties  and  enable  us  to  sim- 
plify the  explanation,  as  we  shall  afterwards  see. 

I  have  already  mentioned  that  the  era  of  the  lakes  must  belong 
to  the  decay  of  the  last  sheet  of  ice  if  there  was  more  than  one.  A 
change  of  climate  was  taking  place,  the  long  secular  winter  had 
begun  to  pass  away,  and  when  the  thaw  set  in  the  thinner  ice  away 
to  the  north-east  would  of  course  disappear  first.     The  col  or  water-  t 

1  'Atlantic  Monthly'  for  June,  1864,  p.   730.    See  also  the  map  in  hi» 
original  paper  in  the  Kdin.  New  Phil.  Journ.,  October,  1842,  p.  237. 
-  Trans.  Key.  See.  Edin.  vol.  xxviii.  (1879)  p.  97. 
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shed  at  the  head  of  the  Spey  became  sufficiently  open  to  admit  of  i 
wator  passing  out,  and  as  soon  as  the  ice  melted  out  of  the  top  of  / 
Glen  Boy  a  lake  would  take  its  place,  discharging  itself  over  this  eol.  I 
Such  a  lake  at  first  might  be  superficial — that  is  to  say,  resting  on 
the  surface  of  the  decaying  glacier.  Gradually  the  ice  receded 
tJarther  and  farther  down  Glen  Eoy  and  became  reduced  in  height, 
but  the  surface  of  the  lake  being  determined  by  its  outlet  would 
stand  at  the  uppermost  line  until  the  icy  barrier  melted  back  aa 
&r  as  the  mouth  of  Glen  Glaster.  As  soon  as  the  water  gained 
admission  to  this  side  glen  it  would  escape  over  the  col  at  the  head 
of  it  (if  there  was  no  obstruction  in  the  way),  and  as  that  col  is 
80  feet  below  the  one  at  Lochan  ISpey,  the  lake  would  then  sink  to 
the  level  of  the  middle  line  which  corresponds  with  the  Glen  Glaster 
eol.  There  it  stood  for  a  time  until  the  ice  which  yet  occupied 
the  lower  end  of  Glen  Roy  shrank  back  still  farther — far  enough 
to  allow  of  the  water  communicating  with  Glen  Spean,  which  it 
would  probably  do  first  over  the  hollow  between  Meal  Derry  and 
Craig  Dhu,  near  Bohinia.  When  this  event  happened  the  lake 
would  spread  into  Glen  Spean  and,  if  there  was  no  obstruction  to 
the  eastward,  would  drop  to  the  level  of  the  lowest  line  which 
corresponds  with  the  escapement  at  Makoul.  Such  I  think  is  the 
most  probable  explanation,  if  it  be  the  fact  that  the  two  upper  lines 
finally  cease  at  the  places  shown  on  the  Ordnance  map.  Dr.  Tyndall 
also  took  much  the  same  view  of  the  matter  in  his  lecture  at  the 
Boyal  Institution^  in  which  he  likewise  enforced  with  his  usual 
power  of  illustration  the  effect  due  to  the  position  of  Ben  Nevis 
and  the  western  mountains  on  the  vapour-laden  winds  of  the 
Atlantic. 

V.  The  Alluvitjic  at  BonuiniNE  explained. 

Where  these  two  upper  lines  cease  Glen  Roy  is  very  narrow,  and 
at  this  part  of  it  there  is  a  remarkable  accumulation  of  detritus, 
which  commences  rather  suddenly  just  near  the  Gap  at  the  hill  of 
Bohuntine.  It  is  thickest  near  the  Gap,  the  quantity  between  that 
and  the  mouth  of  Glen  Glaster  being  greater  than  it  is  farther 
down  the  valley.  This  stuff  consists  of  sand,  muddy  gravel,  and 
silt  with  a  few  stones,  but  there  is  rather  an  absence  of  large 
boulders.  Much  of  it  is  well  stratified  and  some  of  it  even  finely 
laminated.  Both  its  nature  and  the  stratified  mode  of  its  arrange- 
ment show  that  it  has  been  deposited  in  water.  Now,  where  did 
all  this  stuff  come  from,  and  how  did  it  lodge  so  thickly  just  here, 
right  opposite  the  north  end  of  Bohuntine  where  the  two  upper 
lines  stop  ?  There  are  no  streams  joining  the  glen  between  the 
Gap  and  Glen  Glaster  to  have  brought  it  in,  and  that  is  just  the 
place  where  it  is  thickest.  Above  the  Gap,  Glen  Roy  is  compara- 
tively empty  of  detritus  until  we  come  to  the  junction  of  the 
Turret.  My  notion  is  that  this  mass  of  detritus  consists  of  the 
gravel  and  mud  that  fell  into  the  lake  from  the  front  of  the  glacier, 

1  Proc.  Eoy.  Instit  vol.  viii.  (1876)  p.  233. 
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when  it  stood  acros3  the  mouth  of  Glen  Boy  during  the  time  of  the 
two  upper  lines.  Here  it  made  a  pause,  and  that  accounts  for  the 
presence  of  such  a  heap  of  dehris  at  this  particular  spot,  for  the 
laminated  character  of  part  of  the  materials,  and  also  for  the  rudely 
stratified  arrangement  of  the  whole.  It  appears  to  have  filled  all 
the  bottom  of  the  glen,  reaching  near  the  Gap  almost  up  to  the 
height  of  the  lowest  line,  but  has  been  cut  through  afterwards  by 
the  retiring  water.  This  mass  of  debris  attracted  the  attention  of 
MacCuUoch  and  other  observers ;  it  is  particularly  noticed  also  by 
Prestwich,  but  so  far  as  I  am  aware  no  one  has  given  the  foregoing 
explanation  of  it.  Its  existence  seems  to  me  to  form  a  most  inter- 
esting link  in  the  chain  of  evidence  for  the  glacial  theory  of  the 
lakes,  for  it  is  in  complete  harmony  with  that  theory  and  with  no 
other.  It  also  shows,  in  opposition  to  the  opinion  of  Prestwich, 
that  the  lake  must  have  existed  for  a  considerable  length  of  time. 

At  the  top  of  Glen  Collarig  there  is  a  large  accumulation  of  a 
somewhat  similar  nature,  at  the  corresponding  place  where  the  two 
upper  lines  terminate  there;  in  fact  the  Gap  between  the  hills 
may  be  said  to  be  partly  filled  by  it ;  and  it  reaches  up  to  even  a 
greater  height  there  than  it  does  in  Glen  Hoy,  extending  above  the 
level  of  the  lowest  line;  It  is  also  of  a  more  morainic  character,  with 
a  larger  number  of  boulders,  some  of  them  of  fairly  considerable 
size  and  composed  of  grey  granite,  others  of  gneiss  containing  traces 
of  a  greenish  material.  These  stones  should  be  carefully  examined 
in  order  to  trace  where  they  have  come  from.  I  found  granite 
boulders  also  on  the  hill  of  Bohuntine  up  to  the  very  top. 

From  the  fact  that  the  two  upper  lines  come  farthest  down 
Glen  Eoy  on  its  eastern  side,  I  would  infer  that  the  ice-dam  was 
weakest  upon  that  side,  and  that  it  gave  way  there  before  it  did  in 
Glen  Collarig.  The  termination  of  the  middle  line  on  the  west  side 
of  Glen  Collarig  is  very  remarkable :  the  terrace  runs  along  the 
side  of  the  hill  and  stops  all  at  once  as  if  it  had  been  cut  away, 
leaving  a  projecting  mound  truncated  at  its  southern  end. 

YI.  The  Icb-dam  at  the  mouth  op  Glen  Spean. 

During  the  last  stage  of  the  lake  the  ice-dam  retreated  gradually 
from  the  entrance  of  Glen  Hoy  until  it  finally  stood  across  the 
mouth  of  Glen  Spean  from  Tiendrish  to  Corrychoille.  The  glaciers 
of  Glen  Treig,  Corry  I^aire,  the  Larig  Leachach,  &c.,  which  formerly 
all  came  down  and  helped  to  swell  the  mass  of  ice  in  the  lower 
part  of  Glen  Spean,  now  shrank  each  of  them  into  the  mouth  of  its 
own  ravine.  The  Corry  N'Eoin  glacier,  however,  seems  to  have 
still  protruded  some  distance  out,  but  eventually  the  water  appears 
to  have  come  close  up  to  its  eastern  flank,  for  the  lowest  Parallel 
lload  is  distinctly  marked  on  to  Corry  Mhaddie,  and  I  thought  I 
could  see  a  small  patch  of  it  even  on  the  spur  of  the  hill  which 
separates  that  ravine  from  Corry  JS'^Eoin.  Here,  therefore,  we  may 
suppose  the  lake  to  have  ended,  and  at  its  last  stage  the  Corry 
N'Eoin  glacier  seems  to  have  gone  not  very  fax  out,  otherwise  its  right 
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flauk  would  have  spread  eastward  some  distance  beyond  the  point 
where  the  Parallel  Koad  finally  stops.  This  shows  that,  although 
the  Corry  N'Eoin  glacier  cut  off  the  western  extension  of  the  lake 
at  this  side  of  Glen  Spean,  it  nevertheless  played  but  a  very  sub- 
ordinate part  in  the  formation  of  the  ice-dam  at  its  final  stage. 
It  was  the  heavy  bed  of  ice  in  the  valley  of  the  Caledonian  Canal 
that  seems  to  have  constituted  the  main  barrier.  This  ice  probably 
filled  the  whole  valley  from  Loch  Ness  down  to  Corran  Ferry,  being 
powerfully  reinforced  on  its  eastern  side  by  the  glaciers  descending 
from  the  ravines  of  Ben  Nevis.  The  lake  was  nearly  four  miles 
broad  where  the  ice-dam  stood  across  it  at  the  mouth  of  Glen 
Spean  ;  and  in  the  centre  of  the  valley  the  water  must  have  been 
some  hundreds  of  feet  in  depth.  This  shows  what  a  powerful 
barrier  was  required,  and  gives  an  excellent  idea  of  the  mass  of  ice 
that  still  lay  over  the  Western  Glens,  and  how  slowly  it  melted 
away.  One  of  the  heaviest  beds  of  all  was  probably  in  Glen 
Arkaig,  a  glen  which  has  a  very  capacious  basin  situated  in  the 
region  of  maximum  precipitation. 

YII.  Subsidence  of  the  Lake  :  traces  of  a  debaole. 

A  question  of  some  interest  arises  in  connexion  with  these  lakes, 
namely,  did  the  ice- dam  give  way  suddenly,  causing  a  debacle,  or 
did  the  water  drain  off  quietly  by  finding  an  escape  underneath  the 
glacier  ?  Both  methods  are  known  to  occur  in  the  case  of  glacier- 
lakes  in  the  Alps  and  Himalayas. 

When  the  water  dropped  80  feet  from  the  higher  to  the  middle 
parallel  in  Glen  Roy  there  was  probably  a  rush  into  Glen  Glaster 
— a  very  heavy  rush  if  the  drop  was  at  all  sudden.  The  water 
thus  let  off  would  first  fiood  Glen  Glaster  and  then  come  pouring 
over  its  col  down  the  hollow  at  the  back  of  Craig  Dhu  into  the 
Bough  Burn.  As  in  some  places  there  are  traces  of  intermediate 
shelves  between  the  two  upper  '  roads,'  it  is  probable  that  this 
drop  did  not  take  place  all  at  once.  Now,  at  the  mouth  of  the 
Kough  Bum  and  to  the  east  of  it  I  fancied  that  I  saw  some  traces 
of  a  debacle.  The  moraines  of  the  Treig  glacier  have  been  broken 
down  and  scattered  ;  clusters  of  great  stones  are  to  be  seen  on  the 
east  or  lee  sides  of  the  granite  rocks,  looking  as  if  they  had  been 
thrown  together  by  a  powerful  gush  of  water,  being  better  packed 
than  is  usually  the  case  in  a  moraine,  and  with  the  sandy  matter 
washed  out  of  them.  Heaps  of  these  big  stones  may  be  noticed 
near  the  7 f  milestone  from  Roy  Bridge,  and  also  on  the  moor  along 
the  opposite  bank  of  the  Spean.  The  large  gap  in  the  lines  of 
moraine,  where  they  should  have  crossed  the  Spean  near  Gorstan, 
may  therefore  have  been  caused  in  some  measure  by  the  rush  of 
water  which  took  place  when  the  lake  subsided  from  the  highest  to 
the  middle  line,  or  from  that  to  the  lowest.  On  these  two  occasions 
the  water  would  sweep  eastward  and  go  out  by  the  col  at  Makoul. 
Its  course,  however,  would  depend  on  how  far  the  Treig  glacier 
extended  at  the  time,  because  if  the  ice  lay  across  the  valley  it 
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would  check  the  rush  of  water  and  divert  it.  Future  mitors 
should  devote  some  time  to  these  interesting  points ;  and  here  I 
would  draw  attention  to  what  has  heen  called  the  '  delta '  of  the 
Rough  Burn,  a  large  mound  situated  where  that  stream  joins  the 
Spean,  and  which  was  first  noticed  by  Mr.  Milne-Home.  The  top 
of  it  is  about  880  feet  above  the  sea,  and  the  level  of  the  river  at 
its  foot  is  742  feet  according  to  the  Ordnance  map,  giving  a 
height  of  138  feet  for  the  so-called  delta.  An  opening  in  its  side 
disclosed  a  deep  mass  of  fine  silty  sand,  the  top  of  which  I  found  to 
be  at  a  level  of  about  848  feet,  but  the  upper  part  of  the  mound 
above  this  appears  to  be  composed  of  very  coarse  waterwom  gravel 
full  of  large  boulders  and  blocks,  some  of  them  of  great  size,  and  it 
is  the  rugged  nature  of  the  channel,  arising  from  the  tumbling  down 
of  these  large  stones,  that  seems  to  have  suggested  the  present  name 
of  the  stream.  I  have  been  unable  to  satisfy  myself  entirely  as  to 
the  origin  of  this  upper  portion  of  the  mound.  It  is  about  32  feet 
deep,  and  if  it  is  debris  brought  down  by  the  supposed  d^acle,  then 
the  lower  portion  must  be  of  earlier  date.  It  would  also  show  that 
there  had  been  a  lake  or  pool  here  before  the  above-mentioned 
debacle  occurred,  and  therefore  that  the  Treig  glacier  must  have 
previously  shrunk  back  from  the  mouth  of  the  Rough  Bum. 
These  are  questions  that  would  require  careful  examination  upon 
the  spot,  and  I  would  commend  them  to  the  notice  of  future  visitors. 

Thanks  to  the  exertions  of  Mr.  Milne-Home,  who  has  done  so 
much  in  connexion  with  the  Glen  Roy  problem,  the  Ordnance 
Surveyors  were  induced  to  lay  down  upon  their  map,  on  the  scale 
of  six  inches  to  the  mile,  some  of  the  principal  lines  of  moraine 
left  by  the  Treig  glacier  when  it  extended  across  Glen  Spean. 
These  will  be  found  upon  Sheet  No.  142  of  the  six-inch  map  of 
Inverness-shire,  and  a  reduced  copy  is  given  in  one  of  Mr.  Milne- 
Home's  memoirs.^  The  mapping  of  the  Survey  quite  bears  out  what 
I  said  regarding  the  extent  and  range  of  these  moraines,  which  are 
probably  the  finest  display  of  the  kind  in  the  kingdom. 

It  is  clear  that  during  the  time  of  the  lowest  Parallel  Road  the 
Treig  glacier  had  retreated  as  far  as  the  mouth  of  Loch  Treig, 
because  that  parallel  is  well  marked  on  Tom-na-fersit,  across  the 
entrance  to  the  lake.  As  to  whether  it  can  be  traced  round  Loch 
Treig  there  has  been  some  difference  of  opinion.  Mr.  Milne-Home 
says  that  it  can  be  so  traced.  Mr.  Jolly,  who  knows  the  ground 
perhaps  better  than  any  one,  and  has  examined  it  from  many  points 
of  view,  says  decidedly  that  it  cannot.*  The  Ordnance  map  does 
not  show  it,  and  I  certainly  could  not  satisfy  myself  of  its  exist- 
ence anywhere  beyond  the  entrance  to  the  lake,  although  Loch  Treig 
seems  to  have  sunk  a  little  by  the  gradual  wearing  down  of  its 
outlet.  My  impression  certainly  is  that  at  the  time  of  the  lowest 
line  the  front  of  the  Treig  glacier  lay  near  the  present  outlet  of  the 
lake.  The  moraines  of  the  Allt^nam-Bruach  were  probably  formed 
by  the  left  flank  of  the  Corry  Laire  glacier,  which  must  have 

»  Trans.  Boy.  Soa  Edin.  vol.  xxvii.  (1876)  pi.  xliii. 
^  Trans.  Gool.  Soc.  Glasgow,  vol.  viii.  (1885)  p.  89. 
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eoalosced  with  that  of  Glen  Treig  when  they  advanced  into  Glen 
Spean. 

When  the  water  dropped  from  the  level  of  the  lowest  parallel  it 
'  seems  to  have  drained  away  quietly — at  all  events  at  first,  until  it 
sank  out  of  upper  Glen  Roy — otherwise  it  would  have  carried  away 
the  fine  old  deltas  near  Dalrioch.  Many  of  the  gravel  terraces  at 
lower  levels  near  the  mouth  of  Glen  Roy  and  along  the  Spean  down 
to  Loch  Lochy  may  have  heen  caused  by  the  outflowing  water 
when  the  lake  was  finally  drained.  Some  of  them  which  I  examined 
were  not  quite  horizontal,  but  had  a  decided  slope  down  the  valley. 

Vin .  Nicol's  objections  answebed. 

Prof.  Niool,  who  stoutly  maintained  to  the  last  that  the  *  roads ' 
were  sea-beaches,^  urged  that  there  are  no  well-defined  river- 
ehannels  or  '  notches '  at  the  cols^  such  as  he  says  should  have  been 
cut  by  the  streams  fiowing  out  of  the  supposed  lakes,  and  Prof. 
Prestwich  seems  to  be  impressed  with  the  importance  of  this  objeo* 
tion.     The  point  therefore  demands  some  notice. 

These  cols^  we  must  remember,  are  situated  on  fiat  surfaces, 
sometimes  of  considerable  width;  it  was  not,  therefore,  to  be 
expected  that  any  deeply-cut  channel  or  <  notch '  should  occur  in 
such  spots,  for  water  issuing  out  of  a  lake  over  level  ground  has 
no  power  to  cut  a  trench.  To  do  this  it  must  first  gain  momentum : 
the  cutting  power  of  a  stream  is  governed  by  its  velocity,  and  that 
is  determined  by  its  gradient.  A  river  passing  over  a  wide  fiat 
surface  tends  to  accumulate  sediment  rather  than  to  cut  into  its 
bed ;  it  is  only  when  it  has  gathered  speed  and  come  to  a  good 
trot  downhill  that  it  begins  to  cut ;  and  the  rate  of  erosion  will 
then  depend  upon  the  hardness  and  tenacity  of  the  materials  over 
which  the  water  fiows. 

The  col  at  the  top  of  Glen  Gluoy  has  been  described  by  Sir 
Thomas  Dick  Lauder  and  Charles  Darwin.  To  use  the  latter's  own 
words,  it  "  is  broad  and  very  level."  Nicol  himself  says  it  "  is  fiat 
and  marshy.''  It  was  not  to  be  expected  that  a  deep  channel 
should  have  been  cut  under  such  circumstances.  The  amount  of 
fall  for  the  whole  of  the  first  mile  is  so  gentle  that  Sir  Thomas  Dick 
Lauder  states  it  at  "  about  twelve  feet,"  or  1  in  440.  However, 
when  we  follow  the  stream  down  to  Glen  Turret,  where  the  descent 
becomes  more  rapid,  we  find  ample  evidence  of  erosion.  A  deep 
narrow  ravine  has  been  cut,  and  also  a  huge  deltoid  mass  of  detritus 
carried  down  into  the  head  of  the  Glen  Roy  lake  when  it  stood  at 
the  mouth  of  Glen  Turret  during  the  time  of  the  lowest  line ;  so 
that  tfie  evidence  here,  I  think,  is  all  we  could  expect. 
C;;^The  coZ  leading  from  Glen  Roy  to  Lochan  Spey  is  also  situated  on 
a  wide  level  swamp.  To  quote  NicoFs  own  words,  "  the  bottom  is 
broad  and  fiat."  ^    The  gradient  eastward  to  Lochan  Spey,  according 

^  *  On  tho  Origin  of  the  Parallel  Boads  of  Glen  B07,*  Quart  Joum.  QeoU 
Soc  vol.  XXV.  (1869)  p.  282 ;  ibid,  vol.  xxviii.  (1872)  p.  237. 
>  Ibid,  vol  xxY.  (1869)  p.  285. 
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to  the  Ordnance  map,  is  only  about  8  feet  in  a  mile  or  1  in  660, 
which  is  insufficient  to  have  caused  the  stream  issuing  out  of  a  lake 
to  cut  a  groove  of  any  kind,  so  that  the  conditions  necessary  for  the 
erosion  of  a  well-marked  channel  are  here  wanting.  Moreover,  the  • 
place  is  now  overgrown  with  peat,  which  obscures  any  track  that 
might  have  been  left. 

The  Glen  Glaster  col  is  also  in  a  flat-bofctomed  hollow  now  over- 
grown with  peat.  A  little  to  the  eastward  the  glen  is  narrowed  by 
a  low  projecting  spur  from  the  hill  on  the  north  side,  and  here  the 
rocks  have  a  remarkably  bare,  washed  appearance,  as  if  they  had 
been  scoured  by  a  rush  of  water  passing  eastward.  Looking  down 
the  course  of  the  small  rivulet  which  flows  away  to  join  the  Bough 
Burn  I  observed  that  it  ran  along  the  middle,  or  rather  to  one  side, 
of  a  wide  peat-overgrown  channel,  which  seemed  to  have  been  at 
one  time  the  bed  of  a  considerable  stream.  I  followed  the  course 
of  the  rivulet  along  the  wide  open  glen  all  the  way  down  to  its 
junction  with  the  Eough  Burn.  Owing  to  the  thick  growth  of 
swampy  turf  the  nature  of  the  bottom  in  this  old  channel  is  hidden 
for  some  distance,  so  that  I  could  not  discover  whether  it  is  pebbly 
or  not;  but  a  little  farther  eastward  the  appearances  are  more 
distinct.  A  low  escarpment  is  seen  on  the  north  side,  and  a  stratum 
or  causeway  of  large  tvaierworn  stones  on  the  south,  indicating  the 
former  presence  of  a  strong  current,  while  the  channel  itself  is  about 
70  yards  broad  and  12  feet  deep  in  the  middle.  Big  boulders  of 
the  Glen  Spcan  syenite,  probably  brought  here  by  the  Treig  glacier, 
are  numerous  all  along  the  side  of  this  hollow  from  the  col  down- 
wards, and  they  occur  also  on  the  hills  adjoining  it  up  even  to 
heights  of  nearly  2000  feet.  From  the  Glen  Glaster  col  down  to 
the  Hough  Burn  is  a  distance  of  about  two  miles,  and  the  total  fall 
between  these  two  points  is  53  feet,  or  about  27  feet  per  mile,  which 
is  equal  to  1  in  195.  The  appearances  down  here  of  an  old  channel 
are  so  clear  that  I  can  account  for  Nicol's  statement  only  on  the 
supposition  that  he  had  confined  his  observations  to  the  col  itself, 
and  had  not  walked  down  the  glen  to  the  eastward.  To  demand, 
however,  with  him  that  we  should  find  a  long  deep  trench  cut  into 
the  hard  solid  rock,  like  what  we  see  in  some  parts  of  the  present 
bed  of  the  Boy,  is  surely  unreasonable.  The  Boy  has  been  cutting 
away  at  its  bed  ever  since  the  Glacial  epoch,  and  perhaps  before  it, 
whereas  the  outfall  from  the  lake  at  the  period  of  the  middle  line 
existed  only  during  the  time  the  ice  took  to  shrink  back  from  the 
mouth  of  Glen  Glaster  to  Bohinia,  about  a  mile  and  a  haK.  How 
long  that  may  have  taken,  reckoned  in  years,  we  cannot  tell,  but 
in  comparison  it  must  have  been  a  very  small  fraction  of  time 
indeed.  1  ought  to  mention  that  there  is  a  mass  of  boulder  clay 
at  the  south  side  of  the  Glen  Glaster  col,  which  is  probably  the 
remnant  of  a  larger  accumulation  of  moraine  matter  that  had  for- 
merly occupied  the  hollow,  and  may  have  blocked  it  up  to  some 
extent. 

As  regards  the  col  at  Makoul,  I  have  already  in  my  previous  paper 
described  the  evidence  of  a  river  having  passed  out  there.     I  shall 
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only  add  that  I  subsequently  paid  a  visit  to  the  locality  in  order  to 
measure  the  height  which  the  beds  of  water-rolled  pebbles  attain 
above  the  bottom  of  the  col.  This  I  found  to  be  25  feet.  The  col 
itself  is  848  feet  above  the  sea  at  its  lowest  point,  and  the  highest 
beds  of  pebbles  I  saw  beside  it  reach  up  to  873  feet,  which  would 
seem  to  show  that  a  lai^e  deep  river  went  out  here.  These  pebble- 
beds  lie  a  little  to  the  eastward  of  the  watershed.  The  descent  or 
fall  from  this  eol  to  the  Spey  along  Strathmashie  is  for  the  most  part 
very  gentle,  and  the  bottom  of  the  Spey  valley  itself  all  along  from 
Guny  MacPherson's  castle  past  Laggan  is  a  swampy  meadow  which 
may  possibly  be  the  bed  of  an  old  lake  filled  up  with  silt. 


IX.  Height  akd  ho&I20»tality  of  thb  '  Roads.' 

Each  of  the  Parallel  Boads  consists  of  a  sort  of  terrace  or  shelf, 
generally  from  40  to  70  feet  broad,  and  sloping  towards  the  middle 
of  the  glen  at  angles  varying  from  6°  to  30°. 

Now,  in  regard  to  the  heights  given  upon  the  Ordnance  map,  it 
must  be  borne  in  mind  that  the  figures  refer  to  points  taken  along 
the  middle  of  each  terrace,  that  is  to  say  halfway  between  the  upper 
and  nether  border  of  the  ribbon-like  mark  which  runs  along  the 
hill-sides.  Assuming  the  vertical  measurement  of  each  terrace  to 
vary  from  4  to  16  feet,  a  series  of  stations  taken  along  the  middle 
would  range  from  2  to  8  feet  below  the  upper  edge,  and  as  the 
surface  of  the  water  probably  corresponded  with  the  upper  edge  of 
the  terrace  (or  may  perhaps  have  been  higher,  owing  to  the  crum- 
bling down  of  debris  upon  its  original  upper  border)  these  stations 
would  therefore  be  from  2  to  8  feet  beneath  the  ancient  level  of  the 
lake,  and  lower  sometimes  than  the  col  or  outlet  to  which  the  road 
corresponds.  The  Ordnance  figures  are  consequently  somewhat 
misleading  as  to  the  exact  height  of  the  water,  and  this  discrepancy 
in  relation  to  the  coU  has  probably  been  increased  by  the  fact  that 
the  coU  themselves  in  most  cases  are  now  overgrown  with  peat  or 
turf  which  has  raised  their  surface  higher  than  it  was  when  the 
lakes  existed.  For  example,  Mr.  Milne-Home  ^  found  the  peat  on 
the  Glen  Gluoy  coZ  to  be  5^  feet  thick.  It  is  evident  the  lake  must 
have  rather  exceeded  the  height  of  its  coly  otherwise  the  water  would 
not  run  out ;  whereas  the  Ordnance  heights,  owing  no  doubt  to  the 
circumstances  I  have  mentioned,  frequently  indicate  a  Parallel  Bead 
as  running  a  few  feet  lower  than  its  col. 

These  *  roads,'  although  wonderfully  clear  when  viewed  from  a 
distance  under  favourable  light,  are  nevertheless  often  very  obscure 
when  we  come  to  stand  upon  them.  Sometimes  indeed  they  seem 
to  vanish  altogether  in  ghost-like  fashion,  so  shadowy  and  vague 
is  the  outline  of  what  remains.  The  clearness  of  the  lines  at  a  dis- 
tance seems  to  depend  upon  some  subtle  difference  in  the  shade  of 
light  or  colour,  due  either  to  alteration  of  the  angle  at  which  the 
surface  is  presented  to  the  light  or  to  some  change  in  the  character 

»  Trans.  Boy.  SocEdin.  vol.  xxrii.  (1876)  p.  597. 
Q.  J.  G.  S.  No.  189.  c 
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of  the  yegetation  coyering  it.  I  haye  no  doubt  therefore  that  the 
men  of  the  Koyal  Engineers  were  often  at  a  loss  what  spot  to  fix 
on  as  representing  the  exact  middle  of  the  terrace,  which  is  alto- 
gether an  arbitrary  point,  there  being  no  definite  boundary  of  either 
the  upper  or  lower  margin. 

^'  It  is  indeed  impossible,"  as  Sir  Thomas  Dick  Lauder  long  ago 
remarked,  ^*  to  p^orm  a  mathematically-accurate  leyelling  process 
on  such  rude  and  indefinite  subjects  as  these  shelyes  are."  ^  Shoals 
of  debris  haye  come  down  upon  them  from  aboye  and  gaps  haye 
been  torn  by  the  mountain  torrents,  slips  also  haye  occasionally 
happened ;  it  is  indeed  surprising  that  they  are  still  so  yisible.  In 
some  places  mistakes  eyon  might  haye  been  made  as  to  what  actually 
constituted  one  of  the  i'arallel  Eoads,  as  I  shall  afterwards  show, 
for  spurious  markings  occur  which  might  readily  be  confounded  with 
them,  and  the  Goyemment  suryeyors  were  not  geologists.  I  there- 
fore think  that  Prof.  Prestwich  makes  too  much  of  the  yariations  in 
leyel  recorded  on  the  six-inch  map  when  he  argues  that  the  lines 
are  not  so  rigidly  horizontal  as  he  fancies  they  ought  to  be  if  they 
had  been  produced  by  the  shore-action  of  a  lake.  The  Ordnance 
Suryeyors  themselyes  do  not  seem  to  haye  shared  in  this  opinion, 
for  Col.  Sir  Henry  James,  who  directed  the  operations,  stated  that 
"  there  could  be  no  doubt  as  to  the  general  correspondence  of  the 
leyels  of  the  terraces  at  different  points," '  and  after  the  suryey  of 
them  was  concluded  he  spontaneously  wrote  to  me  as  follows : — 

"  Ordnance  Surrey  Office,  Southunpton, 
19th  November,  1873. 

*'  I  send  you  to-day  an  impression  of  Sheet  63  of  the  one-inch  map  of 
Scotland,  which  contains  Glen  Boy  and  part  of  Glen  Gluoy.  This  sheet,  in 
outline  with  contours,  has  enabled  me  to  lay  down  the  Parallel  Boads  and  to 
show  their  extent  downwards.  I  had  a  contour  run  at  a  little  aboTe  the  height 
of  the  upper  road,  and  also  one  at  the  level  of  the  lower :  these  served  as  feelers 
through  the  country  for  an  extension  of  the  roads,  but  nothing  was  found.  I 
have  myself  examined  the  ground  and  feel  certain  that  vou  have  correctly  de- 
scribed the  roads  and  proved  that  Agassiz's  theory  was  tne  true  one." 

The  ParaUel  Heads  haye  been  examined  carefully  with  good  in- 
struments by  many  ciyil  engineers  and  scientific  men,  and  I  belieye 
all  who  haye  so  examined  them  haye  been  of  opinion  that  the  lines 
represent  a  horizontal  water-level,  such  as  would  be  formed  by  the 
margin  of  a  lake  either  salt  water  or  fresh.  Dr.  Tyndall — surely 
a  competent  witness — tells  us  that  he  had  an  opportunity  of  inspect- 
ing some  of  them  with  a  theodolite,  and  he  declares  them  to  be  ^'  all 
sensibly  horizontal."^  I  may  mention  that  when  standing  on  the 
lowest  line  on  Meal  Derry  (see  plate  in  Lyell*s  '  Antiquity  of  Man '), 
and  taking  a  sight  through  a  good  spirit-leyel  to  the  portions  of  the 
same  line  ranging  some  miles  up  Glen  Boy,  I  obseryed  that  the 
most  distant  parts  of  it  sank  slightly,  but  perceptibly,  below  the 
thread  of  the  instrument  in  such  a  proportion  as  might  be  expected 

1  Trans.  Boy.  Soc.  Edin.  vol.  ix.  (1821)  pp.6  &  7. 
»  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  (1872)  p.  240. 
3  Proc.  Boy.  Inst.  vol.  viii.  (1876)  p.  234. 
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firom  the  curvature  of  the  earth.  A  similar  observation  is  also  made 
by  Sir  Thomas  Dick  Lauder.^  I  am  confident  that  if  Prof.  Prestwich 
had  surveyed  the  lines  upon  the  spot  through  a  good  spirit-level  or 
theodolite,  instead  of  through  the  medium  of  the  six-inch  Ordnance 
map  at  home,  he  would  never  have  hazarded  the  statement  which 
be  has  made.  The  undeviating  horizontality  of  the  lines  is  in  fact 
one  of  the  most  interesting  and  remarkable  features  connected  with 
the  phenomena,  for  it  cannot  be  said  that  a  progressive  change  of 
level,  or  slope  however  slight,  has  been  established  in  any  direction 
whatever.  The  altitude  of  the  lines  at  their  northern  and  southern 
and  likewise  at  their  eastern  and  western  extremities  seems,  accord- 
ing to  the  Ordnance  Survey,  to  be  about  the  same ;  and  the  height 
halfway  between  corresponds  also. 

In  a  former  paper  '  I  mentioned  that  I  discovered  a  terrace  at 
the  mouth  of  Loch  Treig  30  feet  higher  than  the  Parallel  Road  in 
the  neighbourhood.  The  Ordnance  Survey  map  on  the  six-inch 
scale  confirms  this  observation,  and  shows  that  the  terrace  extends 
from  the  mouth  of  Corry  Laire  round  to  liOch  Treig,  sloping  gradu- 
ally upward  near  the  loch  to  a  height  of  896  feet,  or  fully  40  feet 
above  the  general  level  of  the  lowest  Parallel  Boad,  which  is  the 
only  one  in  that  locality.  It  cannot  therefore  be  due  to  the  action 
of  the  lake,  but  may  have  been  a  lateral  terrace  formed  in  some  way 
by  the  glaciers  of  Glen  Treig  and  Corry  Laire.  The  Ordnance  map, 
however,  terms  it  a  *  Parallel  Road/  The  real  Parallel  Road  occurs 
in  the  same  neighbourhood  at  its  usual  height  of  about  855  feet,  so 
that  this  higher  and  sloping  terrace  is  not  owing  to  a  superior 
elevation  of  that  ^  road '  at  this  particidar  place :  it  is  a  distinct 
mark  due  to  some  other  cause.  I  point  this  out  because  Mr.  James 
Helvin  in  his  paper '  refers  to  it  as  a  serious  difficulty. 


X.  Bbach-p£bble8  ajtd  "Wave-action. 

Although  it  is  commonly  stated  that  there  is  an  absence  of 
waterwom  pebbles  along  the  Parallel  Roads,  yet  these  may  be 
found  in  some  places  where  the  lake  was  most  exposed  to  agitation 
by  the  wind.  For  example,  near  the  top  of  Glen  Roy,  the  face  of 
the  hiU  above  Leek  Roy  fironts  a  long  opening  down  the  glen,  so 
that  it  is  exposed  to  the  sweep  of  the  south-^westerly  gales,  and  in 
fact  the  wind  blew  with  great  force  when  I  was  upon  it.  Accord- 
ingly we  find  the  two  upper  shelves  very  broadly  and  rudely  deve- 
loped, and  there  are  a  good  many  waterwom  stones  upon  them. 
The  lowest  line  runs  along  the  base  of  the  hill,  and  is  less  remark- 
able at  this  point.  Again,  on  the  south-west  slope  of  Bohuntine 
HUl  I  noticed  a  great  number  of  waterworn  stones  and  pebbles  at 
and  beneath  the  level  of  the  lowest  parallel,  which  is  the  only  one 
that  occurs  there.    This  part  of  the  hill  faces  a  wide  opening  towards 

1  TraDB.  Roy.  Soo.  Edin.  voL  ix.  (1821)  p.  10. 

*  Quart.  Joum.  Gcol.  Soc.  vol.  xix.  (1863)  pp.  250  &  256. 

»  Trans.  GeoL  Soc.  Edin.  vol.  v.  (1885)  p.  268. 
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the  mouth  of  Glen  Spean,  and  the  waterworn  pebbles,  I  think,  are 
more  plentiful  than  even  at  the  other  locality. 

The  great  accumulation  of  gravel  and  pebbly  debris  at  Inverlaire 
and  the  entrance  to  Loch  Treig  must  have  been  caused,  not  by  the 
action  of  the  lake,  but  by  the  glaciers.  Probably  much  of  it  was 
ground  out  of  the  bottom  of  Loch  Treig  by  the  sole  of  the  glacier 
which  occupied  that  basin.  This  heavy  mass  of  d^ris  forms  another 
good  link  in  the  chain  of  evide^^  in  favour  of  the  glacial  theor}*, 
for  how  otherwise  can  it  be  acobunted  for  at  this  particular  spot  ? 

During  strong  westerly  gales  the  wind  sweeps  with  great  fury 
through  the  narrow  rocky  pass  at  the  head  of  Glen  Boy,  as  I  know 
from  personal  experience,  and  here  I  remarked  that  the  rocky  emin- 
ences bore  evidence  of  water-wearing  about  the  level  of  the  two 
higher  lines  (the  lowest  one  does  not  extend  so  far  up),  while  there 
are  also  some  waterworn  pebbles  on  them.  This  observation  is 
confirmed  by  Dr.  Tyndall,  who  says :  "  Near  the  head  of  Glen  Roy 
the  highest  '  road '  ceases  to  have  any  width,  for  it  runs  along  the 
face  of  a  rock,  the  effect  of  the  lapping  of  the  water  on  the  more 
friable  portions  being  perfectly  distinct  to  this  hour.*'  * 

Apart  from  the  deltas  these  instances  are  sufficient  to  show  that 
the  lake  must  have  existed  for  a  considerable  time,  for  the  broad 
shelves  pf  detritus  near  Leek  Boy,  with  their  waterworn  pebbles, 
imply  a  lengthened  action  of  water,  and  so  does  this  waterworn  rock 
at  the  head  of  the  glen. 


XI.   FOSMATION  OF  THE  TeBRAGES.       AcTION  OF  THE  L^OOB-XABGIN. 

As  regards  the  exact  mode  of  operation  by  which  the  terraces 
were  formed  along  the  hillsides,  this  is  a  point  which,  I  confess,  did 
not  engage  much  of  my  attention,  and  what  I  did  say  about  it 
requires  some  correction.  Of  all  observers,  Sir  John  Lubbock^ 
seems  to  me  to  have  treated  this  matter  with  most  acumen. 

In  considering  the  form  and  dimensions  of  the  *  roads '  at  any 
particular  spot  three  elements  claim  our  attention,  viz. : — 

1.  The  depth  or  vertical  measurement. 

2.  The  breadth  or  horizontal  measurement. 

3.  The  angle  of  inclination  to  the  horizon. 

The  vertical  extent  seems  to  represent  the  range  of  wave-action,  as 
Sir  John  Lubbock  points  out.  Accordingly  we  find  it  greatest  in 
those  places  which  are  most  exposed  to  the  wind.  It  marks  the 
"  zone  of  agitation "  in  the  water.  As  the  Glen  Roy  lake  was 
narrow  and  shut  in  by  hills,  its  surface  woidd  not  be  agit-ated  to 
any  great  depth  unless  in  a  few  places,  chiefly  near  the  ends  :  the 
action  of  the  waves  would  therefore  be  comparatively  feeble'.  The 
smallness  of  the  vertical  measurement  nffords  another  good  ai>^- 
ment  that  the  lines  are  not  sea-beaches,  for  if  so  their  vertical 

»  Ppoc  Roy.  Inst.  vol.  Tiii.  (1876)  p.  240. 

'  QuArl.  Journ.  Geol.  Soc  toI.  mv.  (1868)  p.  83. 
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dimensions  should  haTO  been  znucli  greater,  becanse  in  that  case 
the  depth  of  the  slope  would  have  been  equal  to  the  vertical  range 
of  the  waves  in  a  freshwater  lake  plus  the  variation  in  level  caused 
hv  the  tide.  Now  there  are  some  places  in  the  most  sheltered  parts 
of  Glen  Boy  (as  on  the  west  side  above  Achavady)  where  I  remarked 
that  the  deptii  of  the  slope  on  some  of  the  shelves  does  not  seem  to 
exceed  3,  or  at  the  most  4,  feet,  which  is  quite  inconsistent  with  the 
movement  of  water  in  a  sea-loch  or  fiord  subject  to  a  rise  and  fall 
of  tide. 

The  horizontal  breadth  of  a  cross-section  of  the  '  roads '  will  be 
governed  by  two  elements,  the  depth  of  slope  and  its  angle  of 
inclination.  For  a  given  depth  it  will  be  greatest  where  the  angle 
is  least,  and  for  a  given  angle  it  will  be  greatest  where  the  depth  is 
greatest.  The  extreme  breadth  will  therefore  occur  where  the 
maximum  depth  coincides  with  the  minimum  angle. 

The  angle  of  inclination  seems  to  represent  the  slope  at  which 
the  materials  could  sustain  the  action  of  the  waves.  For  a  bank  of 
loose  materials  that  angle  is  smaller  in  agitated  water  than  it  would 
be  in  perfectly  still  water  or  simply  in  the  air.  This  fact  explains 
why  the  '  roads '  dip  at  a  less  degree  than  the  hillsides  above  and 
below  them,  llie  surface  on  which  the  lines  are  traced  varies,  it  is 
true,  greatly  in  different  places,  but  in  those  where  the  ^  roads '  are 
best  marked  the  hillsides  are  generally  steep.  The  amount  of  the 
angle  would  depend  chiefly  on  the  nature  of  the  materials  and  partly 
also  on  the  force  of  the  waves  :  the  looser  the  stuff  the  smaller  the 
angle,  and  vice  versa.  Accordingly  it  varies  with  the  structure  and 
composition  of  the  hillsides,  and  also  with  the  exposure.  In  some 
places  the  surface  seems  to  be  nearly  flat,  or  at  any  rate  as  low  as 
5°,  but  from  12°  to  25°  is  a  more  common  angle,^  and  where  it  is 
rock  it  may  reach  the  perpendicular.  The  above  observations  apply 
to  a  lake  that  is  not  frozen.  Some  modification  woidd  occur  if  the 
margin  was  converted  into  ice  during  part  of  the  year  and  the  hills 
covered  with  snow.  But,  as  the  water  would  resume  its  sway  during 
summer  and  autumn,  the  result  upon  the  whole  would  probably  be 
still  much  the  same. 

The  action  of  the  waves  upon  a  beach  forms  an  interesting  spec- 
tacle. The  impulse  given  by  the  wind  drives  the  advancing  wave 
up  above  the  normal  level  of  the  water.  As  soon  as  the  onward 
impulse  is  exhausted  the  water  falls  back  again  and  constitutes  the 
retreating  wave,  which,  rushing  down  the  slope,  meets  the  base  of  the 
one  next  advancing  and  checks  its  onset,  causing  a  turmoil  in  the 
water.  When  the  wave  curls  over  and  breaks  upon  the  beach  there 
is  a  downward  stroke,  which  stirs  up  the  bottom  still  more,  and 
mingles  the  finer  material  with  the  water.  The  muddy  sediment 
thus  suspended  has  a  tendency  to  float  off  from  the  shore  and  sub- 
side into  the  deeper  and  quieter  parts  of  the  bottom,  leaving  the 
washed  sand  and  stones  on  the  beach ;  but  if  the  fine  mud  cannot 
get  away  it  remains  suspended  in  the  water  until  the  agitation 

^  See  the  Ordnance  Survey  measurements,  &c.,  given  by  Prof.  Prestwich  in  his 
memoir,  Phil.  Trans.  Boy.  Soc.  for  1879,  vol.  clxz.  p.  698. 
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ceases,  aad  then  settles  down  again.  The  retreating  wave  has  a 
tendency  to  draw  the  sand  and  stones  down  the  incline  to  its  outer 
edge  ;  if  the  slope  helow  is  steep  they  will  then  roll  down  until  their 
momentum  is  extinguished  hy  friction,  the  largest  and  heaviest 
stones  going  farthest.  In  this  way  the  slope  beneath  the  beach  is 
clothed  with  a  sheet  of  sediment  which  accumulates  according  to  the 
supply  of  material  from  above. 

On  the  other  hand,  the  advancing  wave  has  a  tendency  to  carry 
sand  and  stones  up  the  beach,  and  more  especially  everything  light 
which  floats  upon  the  water.  Some  of  these  will  be  strauded  where 
the  retreating  wave  is  unable  to  carry  them  off  again,  especially 
when  a  storm  is  subsiding.  But  where  the  slope  is  steep  both  above 
and  below  the  beach,  as  it  often  is  in  Glen  Eoy,  this  result  would 
seldom  happen  with  the  heavy  material.  The  prevailing  tendencj* 
of  the  stones  in  such  a  case,  I  think,  would  be  downwards,  as 
Lubbock  insists.  Accumulation  would  take  place  chiefly  at  the 
outer  edge  of  the  beach  and  below  it,  not  upon  the  beach  itself. 

Such  appears  to  be  the  effect  on  the  bottom.  The  action  oti 
the  bank  facing  the  water  is  different ;  in  calm  weather  it  is  almost 
nil,  but  during  a  gale  the  advancing  wave  strikes  the  bank  hori- 
zontally or  obliquely  upwards,  like  a  liquid  battering-ram,  while  the 
surf  washes  up  and  down  against  it,  licking  hollows  in  its  surface. 
If  the  materials  are  porous  and  friable  the  water  penetrates  them 
and  loosens  their  cohesion,  whilst  the  shock  of  the  wave  dislodges 
them  and  sets  them  in  motion.  The  bank  is  in  this  manner  under- 
mined and  a  portion  of  it  brought  down.  The  debris  thus  tumbled 
down  is  spread  out  by  the  waves  and  acted  upon  as  part  of  the 
bottom.  The  result  is  to  cut  back  the  bank  until  the  upward  slope 
of  the  beach  extends  as  far  as  the  highest  limit  reached  by  the  waves 
during  storms.  The  fretting  of  the  water  against  the  hillside  in 
this  way  would  therefore  produce  an  escarpment,  or  steeper  slope, 
just  above  the  edge  of  the  lake.  Although  the  gradual  crumbling 
down  of  the  materials  from  above  has  now  almost  obliterated  this 
little  scarp,  yet  traces  of  it  may  still  be  perceived  in  many  places, 
and  the  protuberance  of  the  front  of  the  terrace  beyond  the  general 
slope  of  the  hill  may  also  generally  be  noticed.  Both  are  observable 
in  MacCuUoch's  '  real  profile '  of  one  of  the  '  roads,'  and  they  have 
been  remarked  by  other  observers.  For  example.  Prof.  H.  D. 
Bogers  says : — "  Seen  in  profile,  as  when  looked  at  horizontally, 
they  [the  *  roads']  resemble  so  many  artificial  hill-side  cuttings,  the 
back  of  each  terrace  lying  within  the  general  profile  of  the  mountain 
slope,  while  the  front  or  outer  edge  is  protuberant  beyond  it."  * 

The  action  of  the  lake-margin,  then,  would  produce  a  flatter  sur- 
face at  its  line  of  contact  with  the  hill  and  a  steeper  slope  or  scarp 
just  above  this  line ;  it  would  transfer  part  of  the  matter  from  the 
slope  above  the  beach  to  the  slope  beneath  it,  and  cover  the  beach 
itself  with  some  washed  sand  and  gravel,  which  are  now  hidden 
by  turf  and  fallen  debris.     The  general  absence  of  an  ordinary 

1  Proc  Boy.  Inst  vol.  iu.  (1861)  p.  342. 
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beaoh  of  well-waterworn  pebbles  is  probably  dae  to  the  following 
causes: — 

1.  The  comparatively  feeble  action  of  tbe  waves,  owing  to  the 

lake  being  narrow  and  surrounded  by  hills. 

2.  The  steepness  of  the  slopes,  which  led  to  the  stones  being 

washed  downhill  before  they  had  time  to  be  worn,  as 
Lubbock  points  out. 

3.  The  transient  existence  of  the  lakes,  whose  duration  was 

short  compared  with  that  of  ordinary  lakes,  whose  beaches 
have  been  forming  ever  since  the  Glacial  period  came  to 
a  close. 

4.  The  freezing  of  the  lake-margin,  which  would  arrest  the 

action  of  the  water. 


Xn.  Dispersion  of  bouldees  from  the  Glen  Spban  STEiaTS. 

This  rock  occupies  the  bottom  of  the  Spean  Valley  for  some  dis- 
tance to  the  east  of  the  Biver  Treig,  and  Mr.  Jolly  has  ascertained 
that  it  extends  farther  to  the  south-east  than  is  shown  in  my  map, 
and  also  rises  to  a  higher  level  in  that  direction.  It  has  given 
off  a  profusion  of  fragments  whose  transport  affords  an  excellent 
means  of  tracking  the  flow  of  ice  in  that  neighbourhood.  These 
blocks  are  often  of  large  size,  from  5  to  20  feet  in  length,  and  ex- 
tend up  the  hills  on  the  north  side  of  the  Spean  to  heights  of  fully 
2000  feet  above  the  sea  and  1400  feet  above  the  river.  They  are 
scattered  over  Craig  Dhu  on  to  the  very  top ;  I  also  traced  them  up 
the  bed  of  the  Rough  Bum  all  along  from  its  mouth  to  an  altitude 
exceeding  that  of  any  of  the  Glen  Roy  lines.  I  found  the  rivulet 
cutting  its  way  through  a  great  depth  of  unstratified  earthy  rubbish 
full  of  large  boulders,  many  of  them  belonging  to  this  syenite ; 
whereas  the  rock  in  the  upper  part  of  the  stream  is  a  gneiss  full  of 
veins  of  red  granite.  The  deep  mass  of  moraine-like  rubbish  ceased 
somewhat  abruptly  on  following  it  up  the  hollow,  and  from  this 
point  there  is  a  fine  view  into  Glen  Treig,  the  mouth  of  which  lies 
right  opposite.  Ascending  the  hill  on  the  west  side  of  the  Rough 
Bum  (or  *  Allt-a-Chaoruinn '  of  the  Ordnance  map).  I  found  its 
southern  slope  thickly  covered  with  similar  moraine-like  debris  to  a 
still  greater  height — to  a  level  of  about  1700  feet  or  more.  On 
reaching  the  bare  rock  at  the  brow  of  the  hill  I  observed  that  it  was 
a  reddish  granite  of  rather  small  grain ;  and  on  a  projecting  shoulder 
of  the  ridge,  at  a  height  of  nearly  2000  feet,  I  met  with  a  large 
angular  blo<i  of  the  syenite,  9  feet  in  length,  lying  on  the  surface 
of  the  granite  in  a  place  to  which  it  could  not  have  rolled  down 
from  above,  but  must  have  been  transported  for  some  distance. 
Proceeding  westward  to  the  next  projecting  point,  which  looks  down 
upon  the  Glen  Glaster  col,  and  is  called  '  Craig  Uilleim  *  on  the 
Ordnance  map,  I  found  it  to  be  of  gneiss  full  of  granite  veins. 
Perched  boulders  of  granite  and  syenite  occur  also  on  this  hill.  I 
noticed  none  of  the  syenite  boulders  on  the  west  side  of  the  Treig, 
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nor  about  Tom-narfereit  or  Inverlaire,  neither  did  I  remark  them 
along  the  road  to  Bridge  of  Boy  much  beyond  the  western  boundary 
of  the  parent  rock.  There  are  plenty,  however,  along  the  foot  of  the 
hill  on  the  east  side  of  the  Eough  Bum,  called  on  the  Ordnance 
map  '  Meal  Clachach/  which  means  '  the  Hill  of  Stones.'  How 
far  up  the  hill  they  go  I  am  unable  to  say,  for  I  did  not  ascend  it ; 
but  along  its  base  there  are  some  splendid  examples  of  erratic  blocks, 
and  they  continued  beyond  the  boundary  of  the  syenite  as  far  as  I 
went.  Looking  eastward  over  the  moor  on  the  south  side  of  the 
Spean  it  is  seen  to  be  covered  with  them  in  thousands,  as  far  away 
as  the  eye  can  discern  such  objects. 

It  would  seem  therefore  that  the  fragments  of  this  syenite  have 
been  carried  towards  the  north-east,  north,  and  north-west.  Many 
of  them  must  have  been  lifted  far  above  their  original  bed,  and 
altogether  the  display  <^  glacial  action  here  is  one  of  the  most 
interesting  and  remark»Die  that  I  know.  It  is  strange  that  the 
mountains  along  the  Hough  Bdtn.  are  nearly  as  lofty  as  those  in 
Glen  Treig,  and  yet  their  territory  appears  to  have  been  completely 
invaded  by  the  glaciers  of  the  latter  region.  A  glacier  descending 
the  Bough  Burn  would  have  carried  the  moraines  and  boulders  in 
an  exactly  opposite  direction. 

Here  again  we  see  that  the  ice  from  the  region  of  greatest  pre- 
cipitation has  overwhelmed  that  of  the  drier  region.  Although  the 
facts  in  this  Lochaber  district  are  so  very  strange  and  paradoxical, 
yet  there  is  a  certain  harmony  in  them  all.  For  whether  we  look 
to  the  glaciation  of  the  rocks,  the  barring  of  the  lakes,  or  the  trans- 
port of  boulders,  everything  points  to  the  same  explanation,  namely, 
an  excessive  thickness  of  ice  in  what  is  now  the  region  of  heaviest 
rainfall. 


APPENDIX. 
1.  PrestwiclCs  Remarks  on  the  Deltas, 

Profl  Prestwich,  in  his  memoir  on  Glen  Roy,  disputes  the  nature 
of  the  so-called  deltas,  and  would  explain  them  to  be  accumulationa 
of  moraine  detritus  remodelled  on  the  surface  by  water-action.  In 
particular  he  criticizes  in  considerable  detail  the  large  bank  at  the 
mouth  of  Glen  Turret.  The  base  of  this  he  represents  to  be  '<  a 
mass  of  unstratified  light  grey  sandy  clay,  from  50  to  80  feet  thick, 
full  of  angular  fragments,  induding  a  few  largo  blocks,  of  the  local 
rocks."  ^ 

This  does  not  quite  agree  with  my  observations.  The  following 
is  an  extract  from  my  notes  on  the  subject  made  at  the  time : — 
'^  The  base  of  this  bank,  as  far  as  I  could  make  out  (for  it  is  not 
very  clearly  sectioned),  is  chiefly  of  laminated  eilt^  rather  sandy  and 
somewhat  rough  owing  to  a  considerable  mixture  of  small  stony 
debris.     Above  this  there  is  a  broad  band  of  very  coarse  stony 

'  PhiL  Trans.  Boy.  See  for  1879  vol.  diz.  p.  673. 
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detritus,  containing  many  angular  pieces  of  rock  from  2  to  3  and 
perhaps  in  some  cases  4  feet  in  diameter.  This  shades  off  upwards 
into  coarse  detritus  with  fewer  large  fragments,  hut  the  stony  debris 
only  partially  waterwom,  while  the  uppermost  part  of  all  is  rather 
finer  and  more  silty.  Stratification  lines  are  scarcely  yisible  in  this 
section,  which  was  the  clearest  one  I  saw.''  This  bank  fills  up  all 
the  side  of  the  glen  and  extends  up  the  Turret  to  the  level  of  the 
lowest  parallel,  presenting  to  the  Boy  a  steep  front  which  I  roughly 
measured  and  found  to  rise  about  90  feet  above  the  level  of  that 
stream  at  its  base.  The  general  character  of  the  surface  is  very  flat, 
and  corresponds  with  the  part  measured,  but  in  some  places  rises 
above  it.  The  Turret  has  cut  its  way  through  the  bank,  and  a  little 
farther  up  has  carried  away  a  good  deal  of  its  mass. 

I  have  no  doubt  that  the  laminated  silty  portion  at  the  base  must 
have  been  hidden  at  the  time  of  Prof.  Prestwich's  visit  by  the 
slipping  down  of  stuff  from  above,  for  his  description  corresponds 
with  the  middle  part  of  the  bank.  It  is  quite  possible  there  may 
be  some  old  moraine  matter  enveloped  in  the  interior  of  this  large 
bank  of  stuff,  for  it  is  of  great  extent,  but  the  laminated  silty  cha- 
racter of  its  base  and  the  general  flatness  of  its  surface  (as  may  be 
seen  from  Prof.  Prestwich's  own  view  of  it  and  also  from  plate  xv. 
in  MacCuUoch's  memoir)  are  against  the  notion  of  its  being  formed 
by  a  glacier. 

Prestwich  further  objects  that  it  cannot  be  a  delta  because  "  the 
accumulation  of  the  main  mass  is  at  the  most  remote  instead  of  the 
nearest  point  of  discharge."  But  is  not  this  one  of  the  characteristic 
features  of  a  delta,  and  is  it  not  implied  indeed  in  its  very  name  ? 
Another  objection  is  that  there  is  no  ''  sorting  of  its  materials  from 
its  head  at  the  Turret  Pass  to  its  extremity  on  the  Hoy."  But  this 
is  just  what  we  do  not  know,  for  there  is  an  absence  of  any  clear 
section  to  instruct  us  in  regard  to  this  point.  We  have  also  to  re- 
member that  we  have  to  do  with  a  glacial  climate  when  there  would 
be  much  ice  in  the  waters  and  the  margin  of  the  lake  would  be  often 
frozen,  and  further  that  the  spot  is  surrounded  by  steep  hills  dovm 
which  the  streamlets  in  time  of  flood  descend  with  considerable  force. 
Moreover,  when  the  lake  sank  from  the  highest  to  the  middle  line, 
and  again  from  that  to  the  lowest,  there  would  be  a  sweep  of  water 
amply  sufficient  to  move  large  stones,  and  perhaps  this  explains  the 
rough  character  of  the  middle  zone  of  the  delta.  The  abnormal  size 
of  the  deposit  is  no  doubt  due  in  some  measure  to  the  overflow  of  the 
Glen  Gluoy  lake  having  contributed  to  its  formation,  as  I  mentioned 
in  my  previous  paper. 

Again,  Prof.  Prestwich  objects  that  its  surface  is  not  an  inclined 
plane,  but  to  me  it  appears  to  approach  this  as  nearly  as  we  could 
expect  in  an  old  worn  delta  over  and  through  which  the  Turret  had 
to  cut  its  way.  Prof.  Prestwich's  opinion  about  these  deltas  is 
opposed  to  that  of  MacCulloch,  Darwin,  Chambers,  Milne-Home, 
Lubbock — in  fact  almost  every  one  who  has  noticed  them. 

Owing,  no  doubt,  to  some  ambiguity  in  my  language  Prof. 
Prestwich  has  misapprehended  what  I  said  about  the  height  of  the 
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Gnlban  delta.  It  slopes  very  gradually  back  to  a  level  of  about 
50  feet  above  Looh  Laggan,  which  would  be  14  feet  above  the  ave- 
rage height  of  the  lowest  Glen  Eoy  line  and  not  40  feet  as  he  makes 
it.  Milne-Home  states  that  the  steep  front  of  this  bank  shows  a 
mass  of  sand  and  fine  clay  in  horizontal  beds.  How  a  wide  platform 
of  such  materials  should  be  a  moraine,  as  Prof.  Frestwich  and  Mr. 
Melvin  suggest,  is  not  very  easy  to  see. 

2.  PrestwicKs  Theory  of  the  Formation  of  the  *  Boads! 

This  is  stated  as  follows : — "  In  the  Lochaber  district,  while  the 
exceptional  accumulation  of  ice  in  the  Spean  valley  heavily  barred 
the  entrance  of  the  glens  on  the  north  side  of  that  valley,  the  passes 
at  the  head  of  the  glens  were  also  blocked  by  smaller  remnants  of 
the  great  ice-sheet,  and  the  formation  of  detrital  shelves  or  terraces 
is  due  to  the  sudden  bursting  of  these  minor  baniers,  when  the 
waters  of  the  lake  were  discharged  with  great  rapidity  until  they  fell 
to  the  level  of  the  col.  Under  these  circumstances  the  mass  of  loose 
d^ris  coveriDg  the  hillsides  gave  way  and  slid  after  the  retreating 
waters,  until  stayed  with  greater  or  lesser  abruptness,  according  to 
the  angle  of  slope  and  the  volume  of  the  mass,  on  the  discharge 
ceasing  and  the  waters  coming  to  rest.  The  shelves  so  formed, 
modified  slightly  by  subsequent  subaerial  action,  constitute  the 
'  roads  V* 

I  have  no  wish  to  enter  into  any  lengthened  criticism  of  this  new 
theory,  because  it  has  been  propounded  to  meet  what  I  believe  to  be 
an  imaginar}'  difficulty  which  has  really  no  existence,  that  is  to  say 
the  supposed  want  of  regular  horizontality  in  the  lines.  Prof. 
Pi-estwich,  however,  has  elaborated  it  in  much  detail,  and  it  is  due 
to  a  former  President  of  the  Geological  Society,  and  the  author  of 
one  of  our  most  esteemed  text-books  on  the  science,  that  I  should 
state  some  of  the  reasons  why  I  cannot  accept  it. 

Even  were  we  to  concede  the  possibility  of  aU  these  long  level 
lines  having  been  formed  by  slides  of  debris  in  the  way  Prof. 
Prestwich  explains,  it  oan  be  shown  that  there  are  many  places 
where  the  conditions  he  himself  lays  down  as  requisite  for  the  pur- 
pose did  not  exist.  Two  conditions  are  assumed  to  be  necessary, 
namely,  1st,  a  higher  slope  covered  with  debris  above  each  line,  and, 
2nd,  a  mass  of  subsiding  water  sinking  down  this  slope.  Now 
these  conditions  were  wanting  in  many  places.  For  example,  a 
^  road '  is  occasionally  met  with  round  the  top  of  a  knoll,  as  at 
Tom-na-fersit  and  Meal  Derry,  where  there  was  no  slope  above  to 
furnish  material  for  the  slide.  We  have  likewise  no  reason  to  sup- 
pose that  there  was  a  lake  all  along  Glen  Hoy  above  the  level  of  the 
highest  line  as  the  theory  requires,  neither  can  it  be  at  all  admitted 
that  along  Glen  Spean,  or  on  the  south  slope  of  Eohuntine  Hill, 
there  was  any  mass  of  water  subsiding  from  a  higher  level  which 
could  have  formed  the  lowest  line  in  the  way  described.     In  order 

>  PhiL  TranB.  Boy.  Soc.  for  1879,  vol.  clxx.  p.  725. 
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to  meet  this  difficulty  Prestwich  is  obliged  to  imagine  a  barrier  of 
some  kind  at  Makoul,  100  or  200  feet  high,  of  whose  existence  we 
have  absolutely  no  evidence  whateyer.  Similar  hypothetical  barriers 
are  wanted  at  the  other  ooU^  all  bursting  suddenly  in  order  to  allow 
of  the  lake  subsiding  rapidly  from  a  greater  height. 

Granting,  howeyer,  aU  the  conditions  assumed  to  be  necessary,  it 
is  not  at  all  evident  why  there  should  have  been  any  such  regular 
and  universal  slide  of  debris  when  the  water  subsided ;  and  even  if 
a  slide  did  take  place  I  have  a  difficulty  in  believing  that  it  could 
have  stopped  with  such  precision  about  the  same  level  all  along  for 
so  many  miles.  It  seems  to  me  that  it  must  have  descended  to 
much  more  variable  depths,  according  to  the  degree  of  slope  and 
downward  momentum  of  the  sinking  mass.  Moreover,  seeing  that 
it  is  admitted  there  was  a  lake  in  Glen  Eoy,  there  appears  to  be  no 
good  reason  why  it  should  not  leave  behind  it  a  set  of  beach-lines 
without  needing  those  slides  of  detritus  which  Prof.  Prestwich 
invokes.  The  existence  of  the  lake  even  on  his  own  showing  could 
not  have  been  so  very  transient,  for  the  great  barrier  of  ice  he  re- 
quires at  the  mouth  of  GlenSpean  could  not  have  melted  away  very 
soon.  The  theory  therefore  labours  under  this  further  objection, 
that,  a  lake  being  admitted,  it  is  not  allowed  to  act  along  its  margin 
as  every  such  lake  must  have  done. 

DiscirssioK. 

Prof.  Bonnet  stated  that,  notwithstanding  the  skill  with  which 
the  case  in  favour  of  a  glacier- barrier  had  been  stated,  he  considered 
that  the  hypothesis  of  a  marine  origin  for  the  '  roads '  presented  less 
difficulties.  He  pointed  out  that  the  absence  of  sea-shells  might  be 
made  a  difficulty  in  terraces  in  Norway  which  undoubtedly  were  of 
marine  origin,  and  the  rarity  and  alleged  horizontality  of  the  ^  roads ' 
were  not  a  serious  objection.  It  must  be  remembered  that  great 
earth-movements  were  admitted  to  have  taken  place  at  a  very  late 
date  in  the  earth's  histoiy :  over  500  feet  in  Canada  and  Labrador, 
1000  in  the  Arctic  regions,  up  to  1295  in  S.  America,  not  less  than 
600  and  probably  much  more  in  Norway ;  and  a  considerable  uprising 
was  not  denied  in  Scotland  and  England — certainly  some  300  feet 
in  Shropshire,  and,  as  he  fully  believed,  some  1200  at  Mod  Tryfaen. 
But  he  thought  the  following  the  most  serious  difficulty  in  the  glacier- 
lake  hypothesis.  The  district  about  Glen  Eoy  was  not  materially 
lower  than  the  hill-region  to  the  west,  and  the  rainfall,  though  less 
heavy  than  in  it,  was  stiU  considerable.  To  form  large  glaciers  in 
the  region  of  Ben  Nevis  would  require  a  temperature  at  the  coast 
not  higher  than  30°  (really,  this  would  hardly  be  low  enough) ;  if 
so,  the  temperature  on  the  hills  above  Glen  Roy  would  not  rise  above 
26°  (annual).  If  then  the  cold  sufficed  to  form  glaciers  large  enough 
to  choke  Glen  Boy  or  Glen  Spean,  there  would  be  glaciers  also  in  Glen 
Roy  itself,  and  it  would  be  filled  with  ice,  not  water.  In  fact,  with 
a  temperature  of  30°  at  the  coast  this  western  district  would  be 
something  like  the  Oberland  above  the  contour-line  of  8000  feet. 
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except  that  Ben   Nevis  would  not  equal  the   greater  peaks  in 
height 

Mr.  Mabb  ohserved  that  no  diagram  had  been  made  to  illustrate 
the  paper ;  he  therefore  showed  on  the  blackboard  the  alteration  in 
the  horizontal  extent  of  the  terraces  as  indicated  on  the  new  Ordnance 
maps,  and  showed  how,  according  to  the  Author's  account,  the  expla- 
nation of  the  lakes  having  been  caused  by  glacial  dams  was  thus 
simplified.  The  speaker  himself  believed  that  this  explanation  was 
the  correct  one  ;  and  he  cited,  in  illustration  of  the  extraordinary 
manner  in  which  valleys  were  left  free  of  ice  in  a  glaciated  district, 
the  remarkable  cases  described  in  the  *'  Meddelelser  om  Gronland.' 

The  Fbesident  agreed  that  no  explanation  that  had  yet  been 
proposed  for  the  Parallel  Roads  of  Lochaber  was  free  from  difficulties. 
Tet  he  had  long  felt  that  these  were  far  fewer  and  less  formidable  in 
the  glacier  theory  than  in  any  other.  Had  the  terraces  been  marine, 
there  ought  surely  to  be  similar  terraces  in  some  at  least  of  the 
hundreds  of  sheltered  glens  in  the  Scottish  Highlands,  where  the 
conditions  for  their  formation  and  preservation  were  at  least  as 
favourable  as  in  Glen  Roy  and  its  adjacent  valleys.  And  though 
the  absence  of  marine  shells  in  the  Lochaber  shelves  might  not  be  a 
serious  difficulty,  it  was  hard  to  understand  why  such  shells  should 
not  be  found  in  many  localities  had  the  whole  country  been  sub- 
merged to  the  height  of  the  highest  Glen  Roy  '  road.'  Then  no 
satisfactory  explanation  on  the  marine  theory  had  ever  been  given 
of  the  coincidence  of  the  terraces  with  well-marked  cols ;  while  a 
further  formidable  objection  to  this  theory  lay  in  the  nature  and 
distribution  of  the  detritus  of  the  shelves,  which,  in  his  opinion,  was 
very  unlike  material  arranged  in  a  tidal  sea,  but  was  quite  what 
might  be  looked  for  in  a  freshwater  lake.  He  thought  that  the 
Author's  present  paper  lessened  some  of  the  difficulties  of  tho 
glacier  theory  by  simplifying  the  grouping  of  the  ice-dams.  There 
still  remained  the  objection  that,  if  the  Great  Glen  and  the  valleys 
round  Ben  Nevis  were  choked  up  with  ice,  Glen  Roy  and  its  neigh- 
bours could  hardly  have  been  filled  with  water.  But  this  difficulty, 
which  every  glacialist  must  have  felt,  was  probably  more  formidable 
in  appearance  than  in  reality.  As  Mr.  Marr  had  pointed  out,  con- 
ditions did  actually  now  exist  in  Greenland  very  similar  to  those 
which,  according  to  the  theory  so  ably  expounded  by  tbe  Author, 
formerly  existed  in  Lochaber. 
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3,  On  the  Gbayelb  sot7th  of  the  Thames  from  Gitildfobd  to 
Newbubt.  By  Hobacb  W.  Monckton,  Esq.,  F.G.S.  (Read 
December  23,  1891.) 

The  greater  part  of  the  hill-gravel  in  the  district  to  which  the 
following  communication  refers  belongs  to  the  Southern  Drift  of 
Prof.  Prestwich,!  and  a  very  large  portion  of  the  valley-gravels 
consist  of  materials  mainly  derived  from  the  Southern  Drift.  It  is 
only  on  the  hills  between  Cookham  and  Twyford,  and  at  Tilehurst 
near  Beading,  that  we  get  the  Westleton  Shingle  of  that  author  or 
the  Glacial  Gravel. 

The  distinctive  features  of  the  Southern  Drift  are  given  at  length 
by  Prof.  Prestwich.'  Briefly  it  may  be  said  to  consist  of  materials 
derived  from  the  Wealden  area  of  Kent  and  Surrey,  the  Chalk 
oountrj'  to  the  north  and  west  of  the  Weald,  Eocene  formations  of 
the  neighbourhood  and  older  gravels,  or  possibly  older  clay  with 
flints  and  surface-debris.  It  is,  I  believe,  the  gravel  of  old  rivers 
which  had  little  or  no  relation  to  our  present  river-system,  whibt 
the  gravels  of  the  valleys,  terraces,  and  minor  plateaux  ore  the 
work  of  rivers  having  some,  though  often  a  distant,  relation  to  those 
now  in  existence. 

The  Southern  Drift  of  the  district  under  conedderation  may  con- 
veniently be  divided  into  three  classes.  The  first  includes  certain 
patches  on  very  high  ground  along  the  margin  of  the  Wealden  area, 
obviously  the  oldest  gravels  in  the  district.  The  second  consists  of 
material  largely  derived  from  the  Lower  Greensand  of  the  Wealden 
area  and  extends  as  far  west  as  Strathfieldsaye ;  while  in  the  third, 
which  lies  west  of  that  place,  there  is  an  absence  of  such  material. 
It  will  be  observed  that  in  dealing  with  these  gravels  the  writer 
rejects  all  theories  which  suppose  them  to  have  been  formed  by 
msoine  agency.  I  do  not  believe  that  the  sea  has  flowed  over  ihia 
part  of  England  since  the  oldest  of  these  gravels  was  formed — pro- 
bably not  since  the  earth-movements  took  place  which  separated 
the  London  and  Hampshire  Eocene  basins.  The  facts  which  will 
now  be  detailed  are  not,  however,  affected  by  this  opinion,  and  are 
of  equal  interest  whether  it  be  right  or  wrong. 

The  gravels  with  which  I  am  dealing  possess  an  extensive  lite- 
rature. It  hardly  appears  necessary,  however,  to  give  an  abstract 
of  the  various  papers  and  books  dealing  with  them,  though  n^any 
of  them  will  be  referred  to  in  the  following  pages.  But  I  should 
like  at  the  outset  to  acknowledge  my  indebtedness  to  the  paper  by 
Prof.  Rupert  Jones,^  to  that  by  Dr.  Irving,*  and  to  Mr.  Whitaker's 

1  Quart  Joum.  GeoL  Soc.  toI.  xlvi.  (1890)  pp.  84,  120,  156. 

2  nnd.  pp.  155, 166. 

3  *  On  the  Fhysioal  Features  of  the  Bagshot  Diatriot/  Proo.  Gtool.  Absoo. 
▼ol.  Ti.  (1880)  p.  429. 

*  *  On  the  Bagshot  Strata  of  the  London  Basin  and  their  Associated  Gravels,' 
Proc.  Geol.  Assoc,  vol.  viii.  (1883)  p.  143. 
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'  Geology  of  London '.  ^  I  also  wish  to  express  my  thanks  for 
very  great  assistance  in  the  collection  of  the  facts  recorded  in  thi» 
paper  to  Mr.  K.  S.  Herries  and  to  Messrs.  J.  H.  Blake  and  E.  J. 
Bennett,  of  the  Geological  Survey. 

In  my  comparison  of  different  gravels  I  have  given  a  description 
of  the  general  appearance  and  nature  of  the  stones  which  form  them, 
and  also  in  several  cases  an  analysis  of  the  smaller  material,  mean- 
ing thereby  such  as  passes  through  a  riddle  of  half-inch  mesh  and  is 
retained  in  one  of  y^inch  mesh.  It  is  not  here  asserted  that  this  is 
a  thoroughly  satisfactory  way  of  comparing  gravels,  but  it  brings  out 
the  distinction  between  the  different  classes  quite  sufficiently  for  my 
present  purpose. 

I.  The  Southebk  Dbift. 
Glass  1.  Upper  Hale  type. 

The  Drift  edition  of  Sheet  VIII.  of  the  Geological  Survey  map 
having  been  very  recently  published,  no  sketch-map  is  g^ven  for  this 
part  of  the  paper.  The  gravels  which  I  should  assign  to  the  Southern 
Drift  are  all  included  in  the  "  Hill  Gravel  of  doubtful  age  and 
origin"  coloured  red,  though  in  places  the  colouring  is  extended 
farther  into  the  valleys  than  I  should  be  inclined  to  carry  it,  and 
includes  some  patches  which  I  should  call  gravels  derived  from  the 
Southern  Drift.  The  Long  Valley,  Aldershot,  the  northern  end  of 
the  Fox  Hills,  and  the  northern  side  of  Hartford  Bridge  Flats  are 
instances. 

In  Class  1  may  be  placed  the  plateau  which,  under  the  names  Hungry 
Hill,  Caesar's  Camp,  and  Beacon  Hill,  stands  out  high  above  the  Long 
Valley,  Aldershot.  On  its  southern  edge  is  the  village  of  Upper 
Hale,  not  marked  on  the  Geological  Survey  map,  where  there  are 
very  extensive  gravel-pits.  This  hill  is  shown  in  the  diagrammatic 
section,  ^g.  1,  which  is  along  nearly  the  same  line  as  S.  V.  Wood's,'* 
and  parallel  to  Prof.  Prestwich's.'  The  first-named  author  calk 
the  gravel  "  gravel  of  the  greatest  submergence."  The  plateau  not 
only  overlooks  the  country  to  the  north,  as  shown  in  fig.  1,  but 
also  the  Wealden  area  to  the  south.*  It  varies  from  616  to  about 
470  feet  above  O.D.  I  should  mention  that  the  levels  in  this  paper 
are  taken  from  the  Ordnance  maps,  or  calculated  as  correctly  as 
lay  in  the  writer's  power  from  levels  given  on  those  maps.  In 
many  cases  thanks  are  due  to  Mr.  J.  H.  Blake  for  them.  The  deposit 
has  been  described  by  Prof.  Prestwich '  and  by  Dr.  Irving.®  To 
their  description  the  following  is  supplementary.  The  gravel  is  not 
usually  stratified,  but  here  and  there  a  rouj?h  stratification  is  seen 
near  the  bottom,  of  which  one  instance  is  given  in  fig.  2.     It  is  in 

^  Mem.  Geol.  Surr.  1889. 

*  Quart  Joum.  Geol.  Soc.  vol.  xxxvi.  (1880)  pi.  xxi.  flg.  3,  line  B 
»  Ibid.  vol.  xlvi.  (1890)  pi.  vii. 

*  See  Mem.  Geol.  Surv.  vol.  iv.  (1872)  p.  376. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  (1890)  p.  161. 

*  Ibid.  p.  569. 
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places  overlain  by  2  to  5  feet  of  reddish  earthy  clay,  and  the  gravel 
is  itself  frequently  very  clayey.  The  surface  of  the  plateau  is  fairly 
flat,  but  the  sections  show  that  the  gravel  rests  in  great  hollows 
in  the  Bagshot  Beds  and  is  12  feet  or  more  thick  in  places.  On  the 
south  there  have  been  extensive  slips  of  both  gravel  and  Bagshot 
Sand.  A  large  proportion  of  the  gravel  consists  of  very  big  flints 
much  rolled  and  waterworn,  nearly  all  brown,  though  a  black  one 

Fig.  2. — Section  in  a  gravel-^nt  at  Upper  Hale,  near  Ccesar's  Camp, 

AldershoU 


a.  MTbite  sand  and  stones.    No  sign  of  stratifioation. 
h.  A  reddish  earthy  mass. 

c.  A  mass  of  small -sized  material. 

d.  Irregular  layer  of  red  sand. 

e.  Layers  of  brown  sand. 

/.  Mass  of  stones ;  many  large  rolled  flints. 

occurs  here  and  there.  Mauy  of  these  flints  are  6  inches  and 
some  a  foot  in  longest  diameter.  There  is  also  a  great  quantity  of 
subangular  flints  and  bits  of  flint  often  much  worn  and  decayed. 
Prof.  Prestwich  gives  36  per  cent,  of  Tertiary  flint-pebbles  for  this 
gravel.^  Dr.  Irving,  however,  cannot  recollect  ever  meeting  with 
**  rolled  flint  pebbles"  in  it.'  The  present  writer  found  plenty  of 
flint-pebbles  in  all  the  pits,  many  of  them  black  and  evidently 
derived  from  Eocene  pebble -beds,  so  that  there  is  little  doubt  that 
Prof.  Prestwich's  record  is  correct.  Some  blocks  of  sarsen-sU)ne 
occur.  I  examined  a  sample  of  the  smaller  material  from  one  of 
the  pits,  and  found  it  to  consist  of — 

a.  Subangular  flints 25  Vo  of  total  weight 

h.  Flint-pebbles,  many  of  them  black    29  ,,  „ 

c.  Quarte  39  „ 

<Z.  Ohert  in  very  small  fragments  "5        „  „ 

e.  Ironstone  from  the  Lower  Greensand  and  "I    g 

irony  concretions  from  the  Bagshot  Beds  .  j  **  •' 


»  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  (1890)  p.  161. 
2  Ibid.  p.  559,  note. 
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The  scarcity  of  chert  and  the  abundance  of  small  pebbles  of  quartz 
are  distinctive  features  of  this  gravel.  The  largest  quartz-pebbles  I 
found  measured  0*6  inch  in  length  and  weighed  less  than  ^  oz.  The 
surface  of  the  gravel  slopes  rather  south  of  west,  so  that  if  this  be 
gravel  of  a  river  which  flowed  north  earth-movements  giving  the 
southerly  dip  must  have  taken  place  since  the  deposition  of  the 
gravel. 

Although  the  North  Downs  are  outside  the  area  with  which  we 
are  now  dealing,  it  may  be  well  to  mention  that  with  this  Upper 
Hale  gravel  the  writer  would  class  that  which  is  worked  to  the  east 
of  Newlands  Corner,  600  feet  above  O.D.,  which  contains  an  abun- 
dance of  lai^e  rolled  flints  3^  to  4  inches  in  longest  diameter, 
together  with  subangular  flints,  flint-pebbles,  chert,  ironstone  from 
the  Lower  Greensand,  and  small  quartz-pebbles.  The  same  gravel 
is  well  seen  at  Woodcote  Lodge,  678  feet  above  O.D.,  1^  miles  N.W. 
of  Gromshall  Station,^  and  it  may  be  that  the  drift  of  Well  Hill, 
Chelsfleld,^  belongs  to  this  stage. 

Class  2.  Chobham  Ridges  type. 

The  gravels  of  this  class  largely  consist  of  subangular  brown 
flints,  but  there  is  not  the  abundance  of  large  flints  which  are  found 
at  Upper  Hale.  In  those  pits  men  are  constantly  seen  with  ham- 
mers breaking  up  the  great  stones,  but  in  the  other  gravel-pits  in 
the  Southern  Drift,  at  least  in  the  district  with  which  I  am  dealing, 
the  hammer  is  not  often  used,  and  large  stones  are  oft«n  thrown 
aside  and  left  in  the  pit.  Besides  subangular  flints,  gravels  of  the 
Chobham  Kidges  type  contain  flint-pebbles,  chert,  and  small  quartz- 
pebbles,  and  it  is  the  presence  of  the  chert  and  the  abundance  of 
small  quartz-pebbles  which  distinguishes  them  from  gravels  of  the 
Silchester  type.  On  Sheet  VIII.  of  the  Geological  Survey  map. 
Drift  edition,  a  line  of  red  patches  is  seen  extending  from  CsBsar's 
Camp  near  Easthampstead  in  the  north  to  the  Fox  Hills  in  the 
south ;  these  patches  clearly  represent  what  was  once  a  great 
plateau  and  originally  part  of  the  valley  of  a  river  flowing  north- 
wards from  the  Wealden  country.  Its  southern  end  is  drawn  in 
fig.  1  (p.  31)  in  outline  to  show  its  relation  to  the  other  gravels, 
liie  surface  of  this  great  plateau,  which  will  be  referred  to  in  this 
paper  as  the  Chobham  Kidges  plateau,  is  remarkably  flat,  as  one  may 
gather  from  the  following  figures,  which  give  the  height  above 
Ordnance  datum : — Easthampstead  Plain  408  to  423  feet.  Deer  Kock 
and  Penny  Hills  416  to  420  feet,  Chobham  Eidges  376  to  426  feet, 
Fox  Hills,  Aldershot,  360  to  390  feet.* 

On  referring  to  Prof.  Prestwich's  section,  ^g.  2,  it  will  bo  seen 
that  he  brings  Chavey  Down  into  alignment  with  the  Chobham 

^  See  Proo.  Geol.  Absoo.  vol.  x.  (1887)  p.  185. 

*  See  Pre«twicsh,  Quart.  Journ.  Geol.  Soc.  toJ.  xlvi.  (1890)  p.  157. 

^  Descriptions  of  the  gravels  on  this  plateau  by  Prof.  T.  Rupert  Jones  and 
Df.  A.  Irving  will  be  found  in  Proc.  Geol.  Assoc,  vol.  vi  (1880)  pp.  329,  438, 
vol.  viii.  (1863)  p.  161,  and  Quart.  Joum.  GeoL  Soc.  vol.  xlvi.  (1890)  p.  557. 

aJ.G.S.  No.  189.  D 
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Bidges  plateau,  but  I  am  inclined  to  look  upon  the  gravels  of 
the  former  as  of  a  more  recent  date  than  those  of  the  latter,  as 
I  will  explain  presently.  Gravel-pit  Hill,  described  by  Prof. 
Prestwich,^  is  a  northern  spur  of  Easthampstead  Plain,  and  gravel 
has  been  dug  there  for  many  years.  A  few  years  ago  a  new  pit 
was  opened  on  this  hill  at  400  feet  above  O.D.,  and  in  it  I  have 
found  two  boulders  of  a  kind  extremely  rare  in  the  Southern  Drift. 

The  first  was  found  in  1889,  and  exhibited  at  a  meetiug  of  the 
Geological  Society  on  Dec.  18  of  that  year.  Dr.  A.  Irving  has  since  ^ 
expressed  an  opinion  that  it  did  not  come  from  the  gravel,  because  I 
had  not  found  it  actuaDy  in  place,  but  on  a  heap  of  gravel  prepared 
for  carting  away.  As,  however,  the  pit  is  far  out  on  the  moor, 
away  from  railways,  roads,  and  even  cultivated  fields  or  houses,  I 
tbr  my  part  have  no  doubt  about  it ;  of  course,  I  should  have  pre- 
ferred to  find  the  boulder  in  »itu.  It  is  a  mass  of  white  vein-quartz 
which  has  been  broken  across  diagonally  before  being  embedded  in 
the  gravel,  and  retains  externally  the  bright  yellow  colour  of  the 
gravel.  It  has  portions  of  irony  sand  '  pan '  adhering  to  it,  show- 
ing conclusively  that  it  did  not  come  from  the  top  sand  or  surface- 
bed,  everything  in  which  is  bleached.'  The  boulder  measures 
6j|  X  5|  X  d|  inches,  and  its  weight  is  6  lb.  9|  oz. 

The  second  boulder  was  found  by  me  some  time  afterwards  lying 
on  the  fioor  of  the  pit ;  evidently  it  had  been  recently  dug  out,  and  its 
yellow  colour  and  marks  of  ^  pan '  show  clearly  that  it  was  embedded 
in  the  gravel.  It  is  not  broken,  and  appears  to  be  a  white  quartzite, 
though  not  a  sarsen-stone.  It  measures  6|^  x  6  x  3^  inches,  and  its 
weight  is  7  lb.  4^  oz. 

By  the  kindness  of  Col.  Cooper  King  and  Prof.  Rupert  Jones  a 
third  boulder  was  exhibited  on  reading  the  present  paper.  It  was 
found  in  Col.  Cooper  King's  garden  at  Camberley  in  what  was  (so  far 
as  he  knew)  untouched  gravel,  but  near  the  surface,  and  it  is  con- 
sequently bleached.  The  gravel  is  one  of  the  terraces  or  benches  on 
the  side  of  the  great  plateau.  The  boulder  is  of  white  vein-quartz 
sheared  and  recemented ;  it  has  been  rolled  and  broken  across  diago- 
nally in  the  same  manner  as  the  first  one,  and  measures  4^  x  4  x  2| 
inches ;  its  weight  is  2  lb.  9^  oz. 

I  saw  a  fourth  boulder  of  white  vein-quartz  in  the  gravel-pit  on 
Ascot  Bacecourse ;  it  was  bleached  and  lay  on  a  heap  of  gravel. 
Measurement :  3  x  3  x  2^  inches. 

Though  I  look  upon  the  occurrence  of  these  boulders  as  interesting, 
I  do  not  found  any  argument  upon  them,  and  it  may  be  added  that 
the  gravel  has  no  resemblance  to  the  Glacial  Gravel,  whether  they 
come  from  it  or  not.  Small  quartz-pebbles  up  to  ^  inch  are  com- 
mon, but  I  have  found  none  on  this  plateau  measuring  as  much  as 
an  inch  in  length  or  ^  oz.  in  weight. 

The  large  blocks  of  sandstone  called  sarsen-  or  sarsden-stones  are 

1  Quart  Joum.  GeoL  Soc.  vol.  xlvi.  pp.  160, 161,  flg.  2. 
»2Wrf.p.658. 

*  See  Prof.  Frestwich'B  fig.  2,  ibid.  p.  161,  in  which  the  bleaohfid  portion  i» 
very  well  shown. 
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abundant  in  this  gravel,  and  have  been  fully  described  by  Prof.  T. 
Bapert  Jones  and  Dr.  A.  Irving.  The  largest  that  the  writer  has 
seen  was,  and  probably  still  is,  in  a  pit  374  feet  above  O.D.,  a  little 
east  of  Round  Butt  at  the  southern  end  of  Ghobham  Ridges,  the 
section  in  which  was  as  follows  : — 

1.  Earth,  2  feet. 

2.  FalM-bedded  sand  with  gmall  stones,  4  feet. 

3.  Gravel,  fairly  well  stratified,  3  feet  shown. 

The  sarsen-stone  probably  rested  wholly  or  partly  on  Upper  Bag- 
sbot  Sand  below  the  gravel,  for  it  extended  through  bed  3  up  into 
bed  2.  It  sloped  sUghtly  to  the  east,  and  although  a  fragment  had 
been  broken  off,  measured  14  feet  4  inches  x  11  feet  9  inches  x 
4  feet.  Close  to  it  was  a  smaller  stone  also  with  an  easterly  slope. 
Both  were  waterwom,  as  is  the  case  witb  all  sarsens  the  writer  has 
seen. 

I  have  examined  a  number  of  samples  from  different  pite  on  the 
great  plateau,  and  the  following  is  a  fair  example  from  Wagbullock 
Hill,  410  feet  above  O.D.  on  Easthampstead  Plain  : — 


Large  material. 

Sabangnlar  flints    738  o/o of  weight 

Flint-pebbles  221         „ 

Ohert   41  „ 

Quartz 0  „ 


8maU  material, 
41-9  Vo  of  weight. 
35-7  „ 

8-9 
13-4 


The  gravels  of  the  great  plateau  are  in  most  cases  roughly  strati- 
fied, and  even  where  they  are  to  all  appearance  without  stratification 
sligbt  signs  of  bedding  are  often  seen  if  one  obtains  a  good  section 
through  to  the  Bagshot  Sand  at  a  place  where  the  gravel  is  thick. 
It  seems  probable  that  Dr.  Irving  has  made  too  much  of  the 
question  of  stratification  and  contortion,^  for  in  the  first  place  the 
Gladal  Gravels  themselves  are  often  beautifully  stratified,  and  in 
the  second  the  example  of  unstratified  gravel  at  Broadmoor  which 
Dr.  Irving  mentions  '  is  not  the  only  case.  Thus  there  is  a  good 
example  of  a  mottled  unstratified  ^avel  at  360  feet  above  O.D.,  at 
the  southern  end  of  Ghobham  Ridges,  above  Deep  Gut  Bridge.  In 
the  large  pit  405  feet  above  G.D.,  a  mile  west  of  Rapley  Farm,  the 
upper  part  of  the  gravel  is  much  contorted,  and  on  Hartford  Bridge 
Flats,  325  to  333  feet  above  G.D.,  to  which  I  now  pass  on,  the 
gravel  is  usually  unstratified. 

These  Flats  are  covered  with  a  sheet  of  Southern  Drift  next  in 
importance  to  that  of  the  great  plateau.  The  diagram,  fig.  1  (p.  31), 
cuts  through  the  eastern  end,  where  the  ridge  is  325  feet  above 
O.D.  or  37  feet  lower  than  Grawley  Hill,  the  nearest  spur  of  the 
great  plateau,  and  numerous  pits  and  sections  occur  all  along  the 
Flats  from  305  to  333  feet  above  O.D.  They  show  gravel  often 
11  feet  or  more  thick,  usually  mottled  dark  red  and  white,  some- 
what clayey,  with  very  little  sign  of  stratification  except  perhaps 

^  Op,  cit,  p.  561.  '  Loe,  eit.  note. 
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quite  near  the  bottom.  The  upper  part  is  frequently  much  con- 
torted, masses  of  sand  running  into  it  in  a  most  fantastic  manner  to 
6  or  7  feet  from  the  surface  of  the  ground.  In  composition  the 
gravel  resembles  that  of  the  great  plateau. 

Einchampstead  Ridges,  to  the  north  of  Hartford  Bridge  Flats  and 
about  the  same  altitude,  300  to  333  feet  above  O.D.,  is  also  capped 
by  gravel  which,  though  not  mentioned  by  Prof.  Prestwich,  doubt- 
less belongs  to  his  Southern  Drift.  The  composition  is  similar  to 
that  of  the  Hartford  Bridge  Flats  gravel,  and  it  is  no  doubt  of 
nearly  the  same  age. 

I  have  now  dealt  with  all  the  large  patches  of  Southern  Diifb  in 
the  Bagshot  Heath  country,  but  there  is  still  a  series  of  hills  capped 
with  gravel  which  resembles  that  of  the  Ghobham  Bidges  plateau, 
but  contains  a  far  laiger  proportion  of  chert.  Thus  the  hills  at 
Windlesham  named  Pibs  Down  and  Long  Down  (Pears  Hill),  310 
feet  above  O.D.,  are  capped  by  a  very  sandy  gravel  in  which  about 
half  the  stones  are  chert,  and  the  hills  near  Ascot  are  capped  with 
a  similar  gravel.  The  writer  saw  no  section  at  the  Soldiers'  Pillar 
(Bowledge  Hill),  309  feet  above  O.D.,  as  it  is  enclosed,  and  Goat- 
hurst  Hill  (Goater's  Hill),  320  feet  above  O.D.,  is  overgrown  ;  but 
I  have  seen  a  good  section  on  Chavey  Down  at  302  feet  above  O.D., 
and  I  believe  the  gravel  on  all  the  Ascot  hills  is  of  much  the 
same  character.  The  section  showed  3  feet  of  mottled  red  and 
white  gravel  and  sand  in  irregular  patches,  very  clayey  in  one 
place.  The  gravel  consisted  of  subangular  flints  and  flint-pebbles 
in  about  equal  quantity,  with  a  good  deal  of  chert  and  several 
sarsen -stones,  the  largest  of  which  was  3x2J  feet.  There  was 
also  a  great  number  of  small  pebbles  and  fragments  of  quartz 
up  to  -^fj  inch  in  longest  diameter.  Another  pit,  1166  yards  to  the 
east  at  Burleigh,  close  to  the  Schools,  mapped  as  valley -gravel, 
showed  a  section  in  very  sandy  gravel  with  abuifdance  of  chert, 
well  stratified  with  much  current-bedding.  This  was  at  rather  a 
lower  level. 

The  gravel  on  these  hills  certainly  resembles  the  sandy  and  cherty 
gravel  of  Windlesham  more  than*the  gravel  of  the  Chobham  Ridges 
plateau,  and  the  altitude  is  nearly  100  feet  lower.  Prof.  Prestwich 
notes  the  difference  in  composition,^  but  his  diagrammatic  section 
seems  to  imply  that  the  two  gravels  are  of  the  same  age ;  I,  how- 
ever, look  upon  the  Chavey  Down  gravel  as  the  more  recent. 
Farther  west  Wick  Hill,  near  Bracknell,  276  feet  above  O.D., 
Coppid  Beech  Lane,  270  to  302  feet  above  O.D.,  and  Bearwood,  274 
feet  above  O.D.,  are  all  capped  by  this  gravel  with  abundance  of 
chert.  A  sample  of  small  stufl^  from  the  pit  at  300  feet  above  O.D., 
Coppid  Beech  Lane,  gave  the  following  result : — 

Subangu]ar  flints   25  %  of  weight. 

Flint-pebbles 24 

Ohert-fi-agments 34  „ 

Quartz,  small 16  „ 

Bagshot  irony  concretions    1 J        „ 

^  See  Quart  Joum.  Oeol.  Soc.  yoI  idvi.  (1890)  p.  100,  and  pi.  vii  fig.  2. 
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There  are  several  pits  in  this  hill ;  the  gravel  in  that  at  the  highest 
point,  300  feet  ahove  O.D.,  is  unstratified,  hut  at  the  end  ahove  Amen 
Comer,  ahout  280  feet  above  O.D.,  it  is  very  sandy,  well  stratified, 
with  current-bedding  and  over  11  feet  thick.  It  is  not  easy  to  say 
whether  these  patches  of  gravel  with  much  chert  from  Windlesham 
to  Bearwood  are  contemporaneous  or  not,  but  I  am  inclined  to  think 
that  they  are  of  much  the  same  age  as  that  of  Hartford  Bridge 
Flats. 

I  now  pass  on  to  gravels  in  Sheet  XII.  of  the  Geological  Survey 
map,  of  which  no  edition  showing  drift  is  as  yet  published,  and  I 
therefore  give  a  sketch-map  (p.  38)  to  show  the  boundary  of  the 
Southern  Drift  of  Class  2.  A  line  between  the  gravel  with  and 
that  without  chert  would  run  from  the  north-west  towards  the 
south-east  in  an  irregular  manner  quite  regardless  of  the  recent 
river-system.  Farley  Hill,  260  to  270  feet  above  O.D.,  Heckfield 
Heath,  270  'set  above  CD.,  and  Hazeley  Heath,  270  to  288  feet 
above  O.D.,  are  plateaux  capped  with  very  cherty  gravel  of  the 
Southern  Dirifb,  whilst  Spencerwood  Common,  230  feet  above  O.D., 
and  Kiseley  Common,  152ieet  above  O.D.,  are  also  covered  with 
cherty  gravel,  and  may  be  considered  as  valley  gravels  derived 
from  the  Southern  Drift. 

Such  are  the  gravels  with  chert  of  Class  2.  It  may  well  be 
that  a  river  flowing  from  out  of  the  Wealden  area  laid  down  the 
gravels  of  the  great  Chobham  Kidges  plateau,  and  then  cut  its 
channel  westwards,  the  result  being  the  gravels  at  lower  levels  of 
Hartford  Bridge  Flats,  Finchampstead  Bidges,  Hazeley  Heath, 
Heckfield  Heath,  and  Farley  Hill. 

Class  3.  Silchester  type. 

In  this  class  I  include  a  series  of  gravels  which  are  distinguished 
from  Class  2  by  an  absence  or  great  rarity  of  chert,  and  from  both 
Classes  1  and  2  by  a  great  scarcity  of  small  pebbles  or  fragments  of 
quartz.  Farley  Hill,  Heckfield  Heath,  and  Hazeley  Heath  are  good 
examples  of  the  gravel  with  chert,  and  the  plateau  on  a  spur  of 
which  Silchester  stands  is  the  type  of  a  gravel  without  chert; 
but.  between  these  places  there  are  many  hill-  and  valley-gravels 
which  form  a  sort  of  debatable  land  between  the  gravel  with  and 
the  gravel  without  chert.  (See  sketch-map,  p.  38.)  Spencerwood 
Common,  230  feet  above  O.D.,  is  capped  by  a  gravel  with  chert 
doubtless  derived  from  the  Farley  Hill  or  Heckfield  area.  The 
gravel-pit  near  Crosslane  Farm,  1|  mile  N.E.  of  Mortimer  Station, 
190  feet  above  O.D.,  on  the  other  hand,  shows  a  gravel  in  which  I 
found  no  chert,  so  it  must  be  derived  from  the  Silchester  side. 
The  hill  1^  mile  S.W.  of  the  same  station,  near  Brickcltou  Farm, 
appears  to  be  capped  by  gravel  without  chert,  and  is  therefore  an 
outlier  of  the  Silchester  plateau. 

There  are  extensive  pits  in  a  valley-gravel  without  chert  at 
Mattingley  225  feet  above  O.D.,  and  the  hiUs  between  Hartley  Wes- 
pall  and  Botherwick  and  at  West  Green  are  apparently  capped  by  a 
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similar  gravel,  though  it  is  true  I  found  one  chert  pebble  on  a  field 
near  the  former  place,  and  there  is  no  good  section  in  gravel  at  the 
latter.  At  Shapley  Heath,  319  feet  above  O.B.,  there  is  a  patch  of 
^avel  in  which  chert  is  very  scarce,  but  the  gravel  differs  from 
that  of  Silchester,  for  it  contains  many  small  quartz-pebbles. 

There  is  a  considerable  spread  of  gravel  on  Burtley  Heath,  near 
Hook,  about  250  feet  above  O.D.  It  contains  many  large  flints, 
and  a  sample  of  the  smaller  material  gave  the  following  result: — 

a.  Subangular  flinta 80°/oof  weight, 

b.  Flint-pebbles 11  '      „ 

c.  Quartz 3         „ 

d.  A  sandstone  pebble  and  some  irony  pebbles 5         „ 

Of  these  the  subangular  flints  no  doubt  came  from  the  Chalk  or 
older  gravels,  whereas  6,  c,  and  d  may  all  probably  have  come  from 
the  Heading  Beds.  I  am  inclined  to  think  that  this  gravel  and 
that  of  Mattingley  have  nothing  to  do  with  the  Southern  Drift  of 
the  hills,  but  were  brought  firom  the  Chalk  country  to  the  south  at  a 
much  more  recent  date.  In  any  case  all  the  materials  occur  in  the 
present  drainage-area  of  the  Whitewater,  along  whose  valley  this 
gravel  lies. 

The  Silchester  plateau  is  of  great  extent  and  varies  from  about 
280  to  328  feet  above  O.D.  The  fields  round  the  walla  of  the 
Roman  town  are  covered  with  gravel  321  feet  above  O.D.  (see 
sketch-map,  facing  this  page) ;  and  at  Mortimer  Hill,  314  feet  above 
O.D.,  there  are  some  pits  about  3  feet  deep  with  water  at  the  bottom,  . 
the  Bagshot  Beds  on  which  the  gravel  rest-s  being  very  clayey. 
There  are  also  pits  on  Burghfield  Common,  305  to  314  feet  above 
O.D.  The  gravel  appears  to  be  unstratified  and  4  feet  or  so  thick. 
A  sample  of  smaller  material  from  the  pit  314  feet  above  O.D.  had 
the  following  composition : — 

Subangular  flints  very  much  decayed  and  broken  89  %  of  weight. 
Flint-pebbles  „  „  „  8        „        „ 

Quartz-pebbles         „  „  „  3        „        „ 

^  1  found  no  chert  on  this  plateau,  and  there  are  very  few  small 
quartz-pebbles,  one  or  two  occurring  here  and  there.  Mr.  J.  H. 
Blake  found  one  at  Mortimer  Hill  1-2  inches  long  and  over  |  oz.  in 
weight,  and  there  are  a  few  pieces  of  the  flinty  variety  of  sarsen- 
stone  mentioned  by  Prof.  Prestwich.' 

Across  the  Kiver  Ken  net  there  is  an  extensive  plateau,  the  greater 
part  of  which  is  known  as  Bucklebury  Common,  300  to  446  feet 
above  O.D.  It  is  not  mentioned  by  Prof.  Prestwich,  but  appears 
to  be  capped  by  a  gravel  of  the  Silchester  type.  There  is  a  pit 
close  to  the  Union  Workhouse,  south  of  Bradfield,  310  feet  above 
CD.,  which  shows  10  feet  of  yellow  and  ochreous  gravel,  the  lower 
part  of  which  is  stratified.  It  consists  of  subangular  flints  and 
flint-pebbles.  I  found  no  chert,  no  quartzites  of  the  Glacial  Gravel 
type,  and  very  few  pebbles  or  fragments  of  quartz.   The  western  end 
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of  this  long  ridge  attains  a  height  of  over  500  feet  at  the  old 
camp  called  Grimsbury  Castle,  and  there  is  a  small  pit  at  the  fork 
of  the  road  5  furlongs  south  of  the  "  Castle."  Subangular  flints, 
very  much  worn,  broken,  and  decayed,  and  flint-pebbles  form 
nearly  the  whole  of  the  gravel.  There  are  a  few  fragments  of 
flinty  sarsen  similar  to  that  which  I  noticed  on  the  Silehester 
plateau. 

The  next  gravel-capped  hills  to  the  west  are  Snelsmere  East 
Common  and  Snelsmere  Common,  but  it  is  not  proposed  to  include 
them  in  the  present  paper.  My  survey  of  the  Southern  Drift  is, 
therefore,  now  completed.  It  will  be  seen  that  I  have  followed 
Prof.  Prestwich  pretty  closely,^  though  I  have  ventured  to  include; 
in  the  Southern  Drift  the  gravels  at  several  localities  which  he  docs 
not  mention. 

TI.  The  Westleton  Shingle. 

This  is  the  Pebble  Gravel  of  the  Geological  Survey  map.  Its 
classification  with  the  shingle  at  Southwold  and  Westleton  was,  I 
believe,  first  suggested  in  print  by  Mr.  Whitaker  in  his  '  Guide  to 
the  Geology  of  London,'  3rd  ed.  (1880)  p.  57. 

Bowsey  Hill,  467  feet  above  O.D.,  and  Ashley  Hill,  over  400  feet 
above  0.1).,  close  to  it,  are  capped  by  this  gravel.  There  are  a  good 
many  subangular  flints,  but  it  consists  mainly  of  flint  and  quartz- 
pebbles,  and  is  very  diflbrent  from  the  Southern  Drift  above 
described  at  Coppid  Ueech  Lane,  300  feet  above  O.D.,  and  7^  miles 
to  the  south.  If,  as  Prof.  Prestwich  thinks,  the  Southern  Drift 
now  at  the  lower  level  is  the  older  of  the  two,  great  northerly  eleva- 
tion must  have  taken  place  since  both  were  deposited. 


III.  Glacial  Gbavels. 

The  Tilehurst  plateau,  290  to  341  feet  above  O.D.,'  between  the 
Rivers  Kennet  and  Thames,  a  little  west  of  Eeading,  is  in  my 
opinion  capped  by  an  outlier  of  the  great  stretch  of  Glacial  Gravel 
which  extends  northwards  from  Caversham  on  the  opposite  side  of 
the  Thames.  I  base  my  opinion  that  this  is  Glacial  Gravel  on  its 
character  as  a  plateau-gravel,  taken  together  with  its  composition,  in 
which  it  differs  greatly  from  the  other  classes  of  gravel;  thus 
pebbles  of  red  quartzite,  weighing  over  |  lb.,  are  abundant.  I  also 
think  that  when  the  gravel  was  formed  the  present  valley  of  the 
Thames  above  Eeadiug  cannot  have  been  in  existence.  The  reader 
will  probably  agree  that  this  gravel  is  not  older  than  the  climax  of 
the  Glacial  Period,  and,  as  the  valley  through  which  the  Thames 
flows  above  Reading  is  now  about  160  feet  deep,  one  can  form 
some  idea  of  the  amount  of  denudation  which  has  taken  place  since 
that  time.^ 

^  See  his  account  of  the  district,  op.  cit.  pp.  159-162. 
5*  See  O.  A.  Shrubsole,  ibid.  p.  689,  §  2,  Norcot  Brickyard. 
^  Cf.  Prestwich,  ibid.  p.  149,  fig.  13. 
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If  this  is  Glacial  Gravel,  it  is  also  dear  that  Tilehurst  is  close  to 
the  original  honndary  of  that  formatioa  ;  for  all  around,  excepting 
on  the  north,  are  plateaux  nearly  the  eame  height  above  the  sea, 
but  capped  with  Southern  Drift,  which  is  older  than  the  Glacial 
Gravel,  and  would  have  been  covered  by  it  had  it  extended  so  far. 
Thus,  about  8^  miles  to  the  west  is  the  pit  310  feet  above  O.B.  near 
BradEeld ;  across  the  Eennet,  to  the  south,  only  3|  miles  off,  are  the 
pits  on  Burghfield  Common  314  feet  above  0.1).,  and  some  7  miles 
away  on  the  south-east  is  Bearwood,  274  feet  above  O.D.  All  these 
localities  have  been  described  above,  and  at  none  of  them  have  I 
found  a  single  red  quartzite-pebble. 

Not  only  are  the  red  quartzite-pebbles  absent  from  the  plateau- 
gravels,  but  except  in  the  immediate  neighbourhood  of  the  Thames 
they  are  not  found  in  the  valley-gravels.  This  seems  to  me  a  very 
serious  difficulty  in  the  way  of  those  who  argue  for  the  presence  of 
the  sea  in  this  part  of  the  Thames  Valley  in  Glacial  times;  indeed, 
none  of  the  facts  just  given  seem  to  harmonize  with  what  I  may 
call  "  the  Thames  Straits  theory  ''  advocated  by  Dr.  Irving.^ 

IV.  Gbavblb  op  the  Valleys,  Tbrbaces,  and  Minob  Plateaux. 

It  is  probable  that  the  rivers  flowing  from  the  Wealdeii  area  and 
from  the  Chalk  country  west  of  it,  to  which  the  Southern  Drift  is 
due,  continued  to  exist  after  the  plateaux  above  described  were 
formed,  and  that  some  of  the  gravels  of  the  terraces  and  minor 
plateaux  were  also  formed  by  them.  Indeed,  if  I  am  right  in  hold- 
iDg  that  the  sea  has  not  flowed  over  this  part  of  the  country  since 
the  plateau-gravels  were  deposited,  this  must  be  so,  the  present 
rivers  being  in  some  complicated  manner  truly  descended  from  the 
original  streams  which  began  their  course  as  the  country  was  for 
the  last  time  raised  out  of  the  sea. 

The  division  between  plateau-gravels  and  river-  and  valley-gravels 
is  consequently  an  arbitrary  one,  but  in  part  of  the  area  at  least  it 
has  a  real  value,  for  the  streams  which  formed  the  gravel  of  the  high 
plateaux  drained  an  area  in  the  Weald,  outside  the  drainage-system 
of  the  present  rivers  of  the  district.  In  the  west,  however,  idl  the 
materials  forming  the  gravels  of  Silchester  and  Bucklebury  Common 
might  be  obtained  from  the  Chalk  and  Tertiary  formations  of  the 
present  drainage-area  of  the  Eiver  Kennet. 

As  a  rule,  however,  the  gravels  of  the  terraces,  valleys,  and  minor 
plateaux  have  been  derived  from  the  immediate  neighbourhood. 
This  is  very  clearly  shown  in  the  following  example  on  the  eastern 
side  of  Chobham  Eidges,  where  there  is  an  excellent  series  of 
sections  on  the  Lightwater  Eoad.  The  diagram  (fig.  3,  p.  42) 
shows  the  relative  position  of  these  sections.  It  extends  from  the 
great  plateau  of  Chobham  Eidges  down  one  of  the  lateral  valleys  to 
the  stream  named  the  Hale  Bourne,  which  flows  through  Chobham 
village.     At  the  top  of  the  ridge  a  road-cutting  400  feet  above  O.D. 

1  Cjp.ci^.  p.  561. 
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shows  the  Sonthem  Drift,  6  feet  thick,  resting  on  Upper  Bagshot 
Sand.  At  360  feet  above  O.D.  there  is  a  small  patch  of  gravel 
probably  washed  down  from  above  at  a  very  recent  period.  At 
300  feet  above  O.D.  there  is  rather  a  larger  patch,  and  to  the  north 
of  the  line  of  section  and  not  shown  in  it  is  a  gravel-capped  hill, 
300  to  320  feet  above  O.D.,  forming  a  minor  ridge.  It  is  at  the  foot 
of  White  Hill,  close  to  Folly  Cottage,  and  is  not  mapped.  The 
gravel  is  8  feet  or  more  thick,  and  of  the  same  character  as  the 

Fig.  3. — Section  from  Chohham  Ridges  to  the  Hale  Bourne^ 
near  ChohJiam. 


Horizontal  scale:  1  iiich=l  mile.  Vertical  scale:  1  inch =440  feet. 

[The  figures  indicate  levels  above  O.D.] 
For  symbols,  see  fig.  1,  p.  31. 

Southern  Drift.  I  noticed  two  sarsen-stones  in  it,  one  2  feet  long 
with  2  feet  of  gravel  below,  and  5  feet  above  it  the  other,  1|  feet 
long,  only  2  feet  from  the  surface.  Both  were  tilted  towards 
Chobham  Ridges.  I  look  upon  this  as  merely  a  gravel  derived 
from  the  Southern  Drift  which  caps  the  Ridges.  Lower  down  there 
is  the  large  patch  of  gravel,  200  to  224  feet  above  O.D.,  shown  on 
the  Geological  Survey  map  and  in  the  diagram  (fig.  3).  The  section, 
just  one  mile  west  of  the  sign-post  at  the  top  of  Chobham  Ridges, 
is  as  follows : — 

Peaty  soil,  9  to  13  inches. 

Yellow  and  greenish  sand,  no  doubt  washed  down  from  the  Upper  Bag- 
shot  Beds,  14  to  34  inches. 
Gravel,  18  to  25  inches. 

In  the  gravel  are  many  sarsen-stones,  bits  of  ironstone  from  the 
Southern  Drift,  and  a  number  of  ferruginous  concretions,  some  of 
which  are  casts  of  univalve  and  bivalve  shells  from  the  Upper 
Bagshot  Beds. 

A  little  farther  east  there  is  a  low  plateau  or  collection  of  mound- 
like hills  190  to  207  feet  above  O.D.,  called  New  England  Hill  on 
the  Geological  Survey  map.  Sheet  VIII.  These  hills  are  capped 
with  gravel,  and  a  section  is  seen  in  the  sajidpit  by  the  side  of  the 
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high  road  close  to  the  Gordon  Boys'  Home  (not  marked  on  the 
map).     It  is  as  follows : — 

1.  Gravel — Surface-bed  of  red  and  green  mottled  gravel  resting  irregu- 

larlj  on — 
Tellow  sand  with  layers  and  patches  of  stones,  green  sand  in  places, 
8  feet. 

2.  Yellow  sand — Upper  Bagshot. 

A  sample  from  one  of  the  layers  of  stones  in  bed  1  contained  10*8 
per  cent,  in  weight  of  irony  concretioDs  from  the  Upper  Bagshot, 
and  Mr.  R.  S.  Herries  and  the  writer  found  several  casts  of  shells  in 
place  in  this  gravel,  all  obviously  derived  from  that  formation.  We 
could  not  find  any  of  these  casts  in  the  Upper  Bagshot,  bed  2  in 
this  pit,  and  there  can  be  little  doubt  that  they  come  from  the 
higher  beds  which  originally  existed  between  this  hill  and  Chobham 
Eidges,  two  miles  to  the  east^  such  casts  being  common  near  the  top 
of  the  Ridges. 

The  pebble-bed  which  forms  the  base  of  the  Upper  Bagshot  crops 
out  near  here,  and  consequently  the  sheet  of  gravel  at  the  side  of 
the  present  stream  (Hale  Bourne)  is  very  pebbly.  There  is  a  pit 
102  feet  above  O.D.  close  to  Clapper's  Farm,  as  shown  in  fig.  3, 
facing  this  page. 

Accumulations  of  sand  such  as  that  just  described  are  very 
common  in  the  Bagshot  country  and  may  easily  be  mistaken  for 
the  Bagshot  Beds  themselves.  A  very  good  example  near  Walton 
is  described  by  Mr.  Hudleston,^  and  there  is  another  near  Addlestone 
Station,  where  the  Lower  Bagshots  are  exposed  in  a  cutting  bedded 
horizontally,  while  at  the  station-end  of  the  section  they  are  cut  off 
by  a  sandy  drift  very  irregularly  bedded.  The  best  example  of 
this  sandy  drift  which  I  have  seen  is  in  the  great  sandpit  at  Chavey 
Down,  where  the  section  is  as  follows: — 

1.  Earth ;  few  stones;  a  little  gravel  in  places 2  ft. 

2.  Sandy  Drift  4  ft  6  in.  to  8  fL 

consisting  of — 
a.  Irregularly  bedded  yellow  and  white  sand. 

6.  Sand  full  of  blocks  of  yellow  and  white  sand  and  bits  of  clay  lying 
at  all  angles ;  one  of  these  blocks  measured  1  ft.  8  in.  X  10  in. 

3.  Lower  Bagshot.    Tellow  sand  with  numerous  clay  lamina,  with  irony 

concretions ;  bedding  nearly  horizontal,  but  slightly  curved  under  the 
Drift  at  the  north-western  edge  of  the  pit. 

The  sand-bed  2  does  not  cap  the  hill,  but  rests  on  its  north- 
western face,  and  its  top  is  about  290  feet  above  O.D.  The  blocks 
of  sand  contained  in  it  are  clearly  derived  from  the  Lower  Bagshot 
Beds,  and  I  should  say  the  whole  is  of  Glacial  origin,  but  do  not 
pretend  to  decide  on  the  exact  process  of  its  formation. 

There  is  a  somewhat  similar  deposit  in  the  Brick  and  Tile  Com- 
pany's brickyard,  north  of  Bracknell,  which  I  at  one  time  thought 
was  Bagshot  Sand,  but  which  Dr.  IrviDg  rightly  calls  graveL*  I 
do  not,  however,  follow  that  author  in  his  views  as  to  the  lacustrine 

^  Quart.  Joarn.  Geol.  Soo.  vol.  atlii.  (1886)  p.  162. 
>  Ibid.  vol.  xlvi.  (1890)  p.  662. 
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deposits  of  hypothetical  extra-morainic  lakes  near  Warfield  and 
FiDchampstead.  If  I  rightly  understand  to  what  beds  he  refers,  I 
should  say  they  are  Bagshot  Beds,  and  in  this  view  Mr.  R.  S.  Herries 
concurs. 

Irony  concretions  from  the  Bagshot  Beds  constantly  occur  in  the 
gravels  of  the  Bagshot  country,  but  it  is  not  often  that  they  can  be 
identified  as  casts  of  shells  as  in  the  instance  already  given.  In 
the  pit  in  Lower  Bagshot  Sand,  close  to  Easthampstead  Church, 
the  sand  is  overlain  by  gravel  full  of  these  Bagshot  concretions, 
and  amongst  them  I  found  a  portion  of  a  cast  of  a  univalve,  no 
doubt  a  relic  of  the  Middle  Bagshot  Beds  which  once  existed 
there. 

The  derivation  of  the  minor  plateau-  and  terrace-gravels  from  the 
gravel  of  higher  plateaux  in  the  immediate  neighbourhood  is  par- 
ticularly clear  where  two  classes  of  plateau-gravel  approach  one 
another.  Thus,  in  fig.  1,  p.  31,  there  is  the  gravel  of  Upper  Hale 
with  very  little  chert,  and  that  of  the  great  plateau  and  Hartford 
Bridge  flats  with  abundance  of  chert ;  so  the  derivative  gravel  of 
Miles  Hill  and  the  Fleet  Pond  plateau  has  little  chert,  for  it  was 
mainly  derived  from  the  Upper  Hale  gravel ;  while  the  rest  of  the 
terrace-  and  valley-gravels  have  abundance  of  chert,  for  they  were 
derived  from  Hartford  Bridge  Flats  or  from  the  great  plateau. 

I  have  already  described  a  similar  example  where  the  gravela 
of  the  classes  2  and  3  of  the  Southern  Drift  approach  one  another 
near  Silchester,  and  we  see  the  same  thing  in  the  Thames  Valley 
near  Beading.  I  made  a  rough  examination  of  a  sample  of  smaller 
material  from  the  gravel-pit  close  to  the  mouth  of  the  Biver  Kennet 
and  found  it  to  consist  of : — 

a.  Subangiilar  flints  from  the  Chalk,  Southern  Drift, 

or  older  gravela 43  «/o  of  total  weight, 

b.  Chalk- pebbles  and  fragraeuta  from  the  Chalk  ...    .10  „  „ 

c.  Flint-pebbles  from  Tertiary  pebble- beds  or  older 

grayela    .; 2  „ 

d.  Quartz    from    Tertiary    pebble-beds   or   older 

graTcls    8  „  „ 

e.  Quartzite-pebbles  from  the  Glacial  Gravel    1  „  „ 

f.  Fragments  of  ironstone,  fragments  of  fossils  from 

the  Oxford  Clay  or  Oolitic  rocks,  possibly  de- 
rived from  Glacial  Gravel    17  „  ,, 

g.  Bits  of  Oatrea  and  other  shells  in  sandstone  from 

the  Tertiary  Beds  of  Reading 19  „  „ 

Amongst  the  larger  material  are  many  quartzites  and  fragments 
of  old  rock  from  the  Glacial  Gravel.  Mauy  of  these  stones  have 
originally  come  from  a  distance,  but  the  whole  of  them  may  have 
been  derived  for  this  gravel  from  tho  Chalk,  Tertiary  Beds,  and 
older  gravels  of  tho  present  drainage-area  of  the  Thames,  and  in- 
deed from  the  immediate  neighbourhood. 

The  Glacial  Gravels  are  found  in  place  at  314  feet  above  O.D.  on 

the  Tilehurst  plateau,  and  at  various  levels  up  to  500  feet  above  O.D. 

on  the  northern  side  of  the  Thames  Valley.     Xow,  if  the  sea  ha» 

-^d  in  the  Thames  Valley  since  these  gravels  were  deposited,  we 
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sorely  should  find  debris  from  the  Glacial  Gravel  in  the  valley  of 
the  Loddon  and  its  tributaries  to  the  south,  whereas  in  fact  this  is 
not  the  case.  I  have  visited  a  number  of  localities  with  a  view  to 
see  how  far  south  of  the  Thames  in  the  Beading  district  such  debris 
have  been  spread.  Plenty  of  quartz  and  quartzite-pebbles  np  to 
4i  inches  in  longest  diameter  were  to  be  found  in  the  gravel-pit 
B|  miles  from  lleadinp:  on  the  Twyford  road,  and  pebbles  of  a 
similar  kind  occur  near  Earley  Court.  But  even  as  near  the  Thames 
as  the  gravel-pit  by  the  railway  |  mile  N.W.  of  Earley  Station  I 
found  no  signs  of  Glacial  debris,  the  gravel  being  composed  of  the 
usual  Bubangular  flints,  flint-pebbles,  chert,  and  small  quartz-pebbles 
from  the  Southern  Drift.  I  therefore  feel  forced  to  reject  the 
theory  which  assigns  the  contortions  observed  in  day-beds  near 
Wohingham  to  bergs  or  floes  of  ice  which  floated  in  waters  that 
filled  the  valley  up  to  240  feet  above  O.D.' 

In  conclusion,  the  theory  which  I  have  adopted  is  that  all  the 
gravels  in  the  area  here  dealt  with  were  formed  after  it  had  for  the 
last  time  risen  above  the  sea.  As  soon  as  denudation  began  valleys 
were  formed  and  gravels  spread  out  in  them.  By  degrees  the  sides 
of  the  valleys  were  destroyed,  the  gravel  came  to  protect  the  ground 
on  which  it  lay,  and  so  stood  out  as  a  hill.^  Then  the  gravel 
itself  was  attacked  and  carried  down  by  degrees  to  lower  levels, 
where  it  was  again  spread  out  and  again  protected  the  ground  on 
which  it  lay,  becoming  a  terrace,  a  spur,  or  a  minor  plateau,  and 
thus  the  process  has  been  repeated  even  to  the  present  day. 

I  also  believe  that  the  Glacial  Gravels  in  the  area  dealt  with 
never  extend  more  than  a  mile  or  two  south  of  Reading,  and  that 
none  of  the  gravels  in  that  area  are  of  marine  origin. 


Discussion. 

The  Chairman,  whilst  complimenting  the  Author  on  his  analysis 
of  the  Southern  Plateau-gravels,  observed  that  there  was  at  least 
one  point  wherein  Mr.  Monckton  agreed  with  his  persistent  oppo- 
nent. Dr.  Irving,  viz.,  in  the  belief  in  their  fluviatile  origin.  He 
doubted  if  there  was  anyone  present  likely  to  contest  that  view. 
As  regards  West  Surrey  such  had  always  seemed  to  him  the  most 
probable  hypothesis,  and  he  had  pointed  out  how,  through  the  opera- 
tions of  nature,  the  shallow  valley-expanse  of  one  period  had  become 
the  gravel-capped  hill  of  another.  The  Southern  Gravels  under  this 
new  test  seemed,  on  the  whole,  still  to  retain  their  local  origin 
independent  of  ^'orthern  Drift  and  of  foreign  materials ;  but  he  could 
not  help  regarding  with  a  certain  degree  of  uneasiness  the  three 
quartzose  boulders  on  the  table.  Mr.  Monckton  had  not,  so  far  as 
he  gathered,  ventured  to  draw  any  inference  from  their  presence. 

*  Dr.  A  Irving,  Proc.  Qeol.  Assoc,  vol.  xi.  (1890)  p.  clx. 

"  See  T.  Rupert  Jones,  Proo.  Ghsol.  Assoc,  vol.  vi.  (1880)  p.  438 ;  A.  Irving, 
ibid.  vol.  viii.  (18S3)  p.  101 ;  Monekton  &  Herries,  ibid.  vol.  xi.  (1889)  p.  23; 
W.  H.  HudlestoD,  ibid.  vol.  xii.  (1891)  p.  100. 
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One  of  them  was  said  to  be  bleached,  which  pointed  to  the  action 
of  peat. 

Mr.  W.  Whitaseb  said  that  the  paper  was  an  outcome  of  that 
lately  read  to  the  Society  by  Prof.  Prestwich,  which  he  thought  was 
a  highly  suggestive  one,  and  likely  to  lead  to  such  good  supple- 
mentary work  as  this.  The  sudden  way  in  which  a  gravel  that 
contains  a  large  number  of  northern  stones  gives  way  to  another 
that  contains  hardly  any  such,  but  a  large  number  of  southern  ones, 
is  remarkable,  especially  as  the  two  gravels  occupy  like  positions  and 
at  like  levels. 

He  regarded  the  small  quartz-boulders  as  coming  from  the 
Plateau-gravel,  as  there  seemed  to  be  nothing  else  from  which  they 
could  come ;  moreover,  one  of  them  seemed  to  have  come  from  the 
bottom  of  the  deposit,  one  side  having  the  dark  colour  of  the  gravel, 
and  the  other  side  being  of  a  light  colour,  as  if  it  had  rested  on  the 
Bagshot  Sand. 

Whether  the  Author  was  altogether  right  in  referring  all  the 
gravels  to  river-origin  was  perhaps  questionable.  Many  of  them 
contained  no  trace  of  any  organisms ;  but  though  this  was  the  case 
with  those  classed  as  Westleton  Beds,  it  should  be  remembered  that 
where  the  pebbly  gravels  of  that  age  did  contain  fossils,  these  were 
decidedly  marine. 

He  wished  to  state  that  the  classification,  by  the  Geological 
Survey,  of  various  high-lying  gravels  as  Plateau-gravels  was  often 
akin  to  a  confession  of  ignorance.  In  the  absence  of  evidence  that 
can  settle  their  age,  it  is  useful  to  have  a  class  for  the  reception  of 
such  doubtful  beds,  which,  whilst  not  pledging  one  as  to  age,  clearly 
indicates  position. 

Br.  Hicks  suggested  that  some  of  the  boulders  referred  to  may 
have  been  deposited  by  floating  ice  in  a  lake  formed  by  the  damming 
up  of  some  part  of  the  Thames  Valley  by  ice  and  drift.  The  recent 
discovery  of  chalky  Boulder  Clay  at  a  low  level  in  the  Thames  Valley 
proves  conclusively  that  parts  at  least  of  the  Valley  had,  as  he  had 
previously  contended,  been  scooped  out  before  the  close  of  the 
Glacial  period. 

Mr.  E.  S.  Hebbies  thought  there  was  no  reason  to  suppose  that 
the  various  sheets  of  Plateau-gravel  on  either  side  of  the  Blackwater 
had  ever  been  continuous.  That  being  so,  he  thought  their  elon- 
gated shape  was  evidence  of  their  fluviatile  origin.  The  materials 
of  which  they  were  composed  strengthened  this  opinion.  The 
Westleton  shingles  were  very  different,  and  more  likely  marine. 

Prof.  Gbenville  Cole  pointed  out,  in  reference  to  Mr.  Monckton's 
discovery  of  pebbles  of  dialk  in  the  Beading  Gravels,  how  in  some 
areas,  as  at  Headley  in  Surrey,  decayed  flints  may  easily  be  mistaken 
in  the  field  for  chalk. 

Mr.  MoNCKTON,  in  reply,  said  that  he  had  worked  on  the  lines 
laid  down  by  Prof.  Prestwich,  and  had  attempted  to  fill  in  details. 
He  agreed  with  what  Mr.  W  hi  taker  had  said  as  to  the  existence  of 
a  bleached  bed  at  the  top  of  the  gravels,  and  he  compared  it  to  the 
"  top  sand  "  described  by  Mr.  Hudleston  at  Walton  Heath.     He 
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ihought  it  very  probable  that,  as  Mr.  Wbitaker  had  suggested,  the 
white  snrface  of  the  qnartz-boulder  had  rested  on  Bagshot  Sand,  and 
the  brown  side  had  been  in  the  gravel.  As  to  the  age  of  the  gravels 
he  considered  that  the  Upper  Hale  Gravel  was  the  oldest,  and  that 
the  Chobham  Kidges  and  Silchester  Gravels  were  probably  nearly 
eontemporancoos. 
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4.  The  Bagshot  Beps  o/Bagshot  Heath.    By  Hobacb  W.  Monckton, 

Esq.,  F.G.S.     (Read  December  23,  1891.) 

Ik  the  *  Geological  MagaziDe '  for  August  1891  Dr.  Irving  advocates 
the  adoption  of  a  twofold  division  of  the  beds  of  the  Bagshot  SerioR 
of  the  London  Basin,  and  in  the  '  Proceedings  of  the  Geologists' 
Association'  for  July  1891  Mr.  Hudleston  (p.  102)  suggests  a  slight 
alteration  in  the  system  of  subdivision  at  present  adopted  for  that 
series.  I  must  say  I  am  opposed  to  these  changes,  and  I  may  at 
once  point  out  that  Dr.  Irving  himself  uses  the  terms  "  Middle  Beds," 
"  Middle  Group,"  and  **  Lower  and  Middle  Group  "  in  the  paper 
referred  to — very  good  evidence,  I  think,  of  the  practical  convenience 
of  the  threefold  division  now  in  use. 

I  think  that  a  good  deal  of  the  controversy  which  has  arisen  in 
relation  to  these  beds  is  due  to  the  unfortunate  adoption  by  Dr. 
Irving  of  the  well-section  at  Wellington  College  as  the  type,  instead 
of  the  much  more  satisfactory  section  at  Goldsworthy  Hill  originally 
adopted  by  Prof.  Prestwich  in  1847.^  I  call  the  well-section  at 
Wellington  College  unsatisfactory  for  several  reasons,  one  of  which 
is  that  two  accounts  apparently  of  the  same  well  are  given  in  the 
*  Memoirs  of  the  Geological  Survey,'  vol.  iv.  (1872)  p.  425,  which 
differ  in  material  details.  If  they  do  both  relate  to  the  same  well 
I  should  prefer  the  account  given  by  Prof.  Eupert  Jones  to  that  of 
the  well-sinkers,  even  though  they  preserved  a  series  of  specimens. 

There  is  one  slight  alteration  which  I  think  Dr.  Irving,  Mr.  R. 

5.  Herries,  Lieut.  Lyons,  and  myself  are  all  agreed  should  be  made 
in  the  classification  in  Prof.  Prestwich's  section  at  Goldsworthy 
Hill,  viz.,  the  top  of  the  hill  should  be  included  in  the  Middle 
Bagshot— for  remains  of  the  Upper  Bagshot  basement  pebble-bed 
occur  on  Hook  Heath  close  by.^  With  this  amendment  we  have 
three  very  well-defined  divisions  of  the  Bagshot  Beds : — 

1.  Upper  Bagshot— Entirely  sand,  with  a  pebble-bed  at  the  base ;  marine 
shells  of  Lower  Barton  age  abundant  in  places  ;  228  feet  or  more  thick  at 
Cbobham  Ridges. 

2.  Middle  Ba£8hot. — Clays,  and  yellow  and  green  sands  with  pebbles  and 
marine  shells  of  Bracklesham  age  (locally  abundant) ;  about  50  feet  thick 
at  Goldsworthy. 

3.  Lower  Bagshot. — Yellow  sands  with  irregular  argillaceous  beds ;  no  fossils 
except  plants  yet  satisfactorily  recorded  in  the  area  south  of  the  Thames  ; 
130  feet  thick  at  Goldsworthy,  but  of  very  variable  thickness  elsewhere. 

The  greater  part  of  the  controversy  relating  to  the  Bagshot  Beds 
refers  to  the  dividing  line  between  the  Middle  and  Lower  Bagshot, 
and  this  perhaps  is  mainhj  due  to  the  adoption  of  a  well-section 
as  a  type  where  the  junction  line  cannot  be  studied,  in  preference 
to  Goldsworthy  Hill,  where  it  can.     It  is  shown  at  that  place  in  a 

1  Quart.  Joum.  Geol.  Soc.  vol.  iii.  p.  382,  fig.  3. 

*  See  Lyons,  Quart.  Joum.  Geol.  Soc.  vol.  xlv.  (1889)  pl.xxi. ;  Monckton  and 
Herries,  Proc.  Geol.  Assoc,  vol.  xi.  (1889)  p.  16. 
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sandpit  near  the  railway-cutting  described  by  Mr.  B.  S.  Herriea 
and  myself  in  1886.^ 

TJnfortuDately,  neither  Br.  Irving  nor  Mr.  Hudleston  say  defi- 
nitely in  what  manner  they  would  treat  the  Goldsworthy  section, 
but  I  believe  that  Dr.  Irving  would  include  the  whole  hill  in  his 
'  Lower  Freshwater  Series/  i.  e.y  the  Middle  and  Lower  Bagshot 
combined,  and  that  Mr.  Hudleston  would  retain  the  name  *•  Middle 
Bagshot '  for  everything  down  to  the  bottom  of  bed  4  and  place  all 
below  it  (down  to  the  London  Clay)  in  the  Lower  Bagshot. 

To  readers  who  have  not  Prof.  Prestwich's  section  at  hand  for 
referrace  the  following  extract  may  be  useful : — 

"  b.  Middle  Bagshot  Sands.  ^^^ 

"  1.  Coarse  menish  sand  with  a  few  flint  pebbles  2 

"2.  Foliated  sandy  clays  of  various  shades  of  brown 11 

"3.  Grey  clay  with  traces  of  lignite  1 

"4.  Green  sand;  upper  part  light-coloured  and  clayey,  the  lower  part 
pure  and  dark-coloured.  Numerous  teeth  and  bones  of  flshes  and 
turtles,  castfl  of  Turritella  mUcifera  and  Venericardia  planicosict, 

&c  16 

"5.  Compact  lignite 1 

"  6.  light-coloured  compact  sandy  day,  passing  downwards  into  dark 
grey  clay.      The  upper  port  is  irregularly  pierced  with  green 

sand-tubes : 6 

"  7.  Light  and  dark  brown  and  liver-coloured  very  compact  foliated 

days,  with  traces  of  vegetable  impressions 8 

"  c.  Lower  Bagshot  Sands. 
Light  yellow  siliceous  sands  with  irregular  light-coloured  argillaceous 

beds.    Traces  of  vegetable  impressions 130 

"A  London  Clay  (upper part  of)." 

Quart.  Joum.  Geol.  Soc.  vol.  iii.  (1847)  pp.  382,  383. 

No  doubt  Mr.  Hudleston's  suggestion  has  this  advantage :  it 
indndes  the  day  with  vegetable  remains  in  the  Lower  Bagshot, 
which  I  think  we  all  agree  is  of  freshwater  origin,  and  leaves  the 
beds  with  the  fish-remains  and  marine  shells  in  a  separate  division. 
If  it  were  possible  to  draw  a  satisfactory  line  at  bed  5  I  probably 
might  not  differ  from  Mr.  Hudleston,  but  in  my  experience  the  days 
of  beds  6  and  7  are  so  intimately  connected  with  the  green  sands 
eontaining  marine  shells  that  I  feel  bound  to  hold  to  Prof.  Prestwich's 
line  of  division  and  include  the  days  6  and  7  in  the  Middle  Bagshot. 
The  fact  is  that  though  more  or  less  green  sand  always  seems  to 
occur  in  the  position  of  bed  4,  it  is  in  beds  of  a  very  irregular  shape, 
often  running  down  into  the  underlpng  clays  of  bed  6,  and  in  one 
instance  at  least  temporarily  vanishing  altogether.  The  best 
illustration  the  writer  has  seen  of  the  changeable  character  of  these 
beds  was  on  and  near  the  railway  between  Ascot  and  Bagshot. 

In  the  railway-cutting  one  mile  south  of  Ascot  Station  there  was 
about  9  feet  of  dark  green  sand  with  casts  of  shdls  in  abundance,' 
and  in  the  brick-field  a  little  to  the  north-west,  dose  to  the  bridge 
over  the  railway,  the  Middle  Bagshot  Beds  have  been  dug  for  many 

*  Quart  Journ.  G^eol.  Soc.  vol.  xlii.  p.  414. 

•  W.  H.  Herries,  Geol.  Mag.  for  1881,  p.  171. 

Q.  J.  G.  S.  No.  189.  B 
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years.  In  1870  the  section  seems  to  have  shown  6  feet  or  more  of 
green  sand  between  two  clay  beds,  the  whole  forming  the  Middle 
Bagtihot,  and  resting  on  fine,  nearly  white  sand,  Lower  Bagshot.^ 

About  the  end  of  September  1881,  the  workings  had  been  carried 
farther  into  the  hill  to  the  west  and  showed : — 


Northern  end  of  Section, 

ft.  in. 

Surface  earth   0    6 

1.  Yellow  laminated  sand  and 

clay 3    6 


3.  Chreenaand   7    0 


II    0 


Southern  end  of  Section, 

ft.  in. 
Surface  earth    1    0 

1.  Yellow  laminated  sand  and 

clay 3    r> 

2.  Yellow  more   clayey    bed 

{)a88ing  down  into  a  finely 
aminated   liver-coloured 

day 6    ft 

4.  Green  laminated  clay  more 

or  less  sandy 3    6 

14    6 


On  Feb.  18, 1882,  the  writer  visited  the  locality  with  Mr.  E.  H. 
Wright,  who  made  a  sketch  of  the  northern  face  of  the  pit..  The 
section  showed: — 

0.  Earth. 

00.  Changed  bed  of  yellow  sandy  clay,  2  ft.  6  in. 

1.  Yellow  and  grey  clay  in  laminee  evenly  bedded  with  white  and  ^reen  sand 
from  7  ft.  4  in.  on  the  east  to  9  feet  on  the  west,  where  there  is  a  bed  of 
light-coloured  sand  with  yery  little  clay  at  the  base. 

2.  The  wedge-shaped  bed  of  green  sand  3  it.  6  in.  at  the  east  end  of  the  face 
and  thinning  away  to  nothing  on  the  west,  so  that  bed  I  rests  on  bed 3. 

3.  Very  dark,  nearly  \)lack  laminated  clay,  with  a  good  deal  of  green  sand  in 
many  places ;  the  day  tinged  red  in  |)lace8 ;  bottom  not  shown.  Much 
iron  pyrites  and  traces  of  plant-remains. 

The  fine  white  sand  of  the  Lower  Bagshot  was  dug  at  a  somewhat 
lower  level.  I  visited  the  section  in  company  with  Dr.  Irving  on 
Aug.  19,  1887,  and  fonnd  it  had  been  cut  much  farther  back  into 
the  hill  and  was  one  of  the  finest  sections  of  the  Middle  Bagshot  I 
have  seen.  We  made  careful  measurements,  and  the  details  have 
been  published  by  Dr.  Irving,  Quart.  Journ.  Geol.  Soc.  vol.  xHv. 
(1888)  p.  166.  The  wedge-shaped  bed  of  green  sand,  which  wa» 
7  feet  or  more  thick  in  1881  and  was  seen  to  thin  to  nothing  in 
1882,  doubtless  represents  the  green  sand  full  of  casts  of  shells  so 
well  seen  in  the  railway-cutting  close  by  (to  the  S.E.),  and  the  bed 
no.  4  of  the  Goldsworthy  section.  Besides  this  wedge-shaped  bed 
there  are  many  small  patches  and  scattered  grains  of  green  sand 
throughout  the  Middle  Bagshot  Beds  of  the  section,  while  green  sand 
occurs  in  the  Tower  Hill  brick-field  to  the  west,  and  signs  of  it  are 
found  on  the  Ascot  Hills  to  the  north-west. 

The  writer  ventures  to  suggest  to  Mr.  Hudleston  that  an  attempt 
to  draw  the  line  between  the  wedge  of  green  sand  and  the  dark  clays 
which  contain  patches  of  green  sand  would  be  very  unsatisfactory, 
and  it  is  far  better  to  include  them,  as  Prof.  Prestwich  does,  in  the 

*  See  Mem.  Gteol.  Sury.  yol.  iy.  (1872)  p.  332. 
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Middle  Bagshot,  more  especially  as  we  fiad  very  similar  anfossi- 
liferoQs  clays  between  the  fossiliferous  green  sand-beds  in  the 
corresponding  part  of  the  Braeklesham  Series  at  Whitecliff  Bay  in 
the  Isle  of  Wight.  With  reference  to  Dr.  Irving's  proposal  to 
include  the  Middle  Bagshot  of  Prof.  Prestwich  in  his  ^  Lower 
Freshwater  Series,'  I  would  point  to  the  abundance  of  marine  fossils 
in  the  green  sand-bed  at  Ascot  and  Goldsworthy,  and  other  places, 
nor  does  it  seem  to  me  that  his  reference  to  shells  thrown  on  to  new 
sand-banks  by  wind  in  the  Rhone  Delta  ^  is  really  relevant  to  the 
point  at  issue.  The  casts  of  the  large  Venericardia  plcinicosta  and 
Corbula  gaUica  are  abundant  in  the  Ascot  cutting  with  valves 
closely  shut,  and  therefore  the  probability  is  that  they  lived  where 
we  now  find  them. 

Though  Dr.  Irving  speaks  of  the  fossH  shells  being  broken  and 
worn,  he  does  not  prove  that  they  were  so  broken  or  worn  before 
they  were  embedded,  and  I  possess  a  cast  of  Oorbula  gallica  from 
Ascot  which  tells  the  following  history  : — ^The  shell  was  buried  in 
the  sand  with  its  valves  shut  tight  and  unbroken.  The  shell  was 
crushed  and  broken  into  fragments  and  afterwards  destroyed  ;  now 
the  cast  alone  remains.  Had  the  shell  remained  and  not  the  cast  it 
would  have  been  in  fragments,  and  Dr.  Irving  might  have  then  caUed 
it  broken  and  worn. 

It  may  be  added  that  the  authorities  of  the  Museum  of  Practical 
Greology,  Jermyn  St.,  have  accepted  the  best  part  of  my  collection 
of  Upper  Bagshot  fossils  and  also  a  set  from  the  Middle  Bagshot 
collected  by  Mr.  Herries  and  myself. 

The  brick-field  just  described  furnishes  to  my  mind  a  very  satis- 
factory answer  to  the  argument  used  by  Dr.  Irving  to  prove  the 
thinning  out  of  the  bed  of  green  sand  to  the  north  of  Wellington 
College.  The  argument  is  this : — ^The  green  sands,  or '  green-earths ' 
as  he  calls  them,  diminish  in  thickness  from  36  feet  in  a  well  at 
Ambarrow  near  Wellington  College,  and  41  feet  in  the  Wellington 
College  well,  to  18  feet  one  mile  north  of  the  former.  Therefore,  if 
we  restore  them  northwards  with  a  proportionate  rate  of  attenuation, 
they  will  thin  out  altogether."  I  do  not  know  whether  Dr.  Irving 
would  adopt  the  similar  calculation  that  as  the  earths  above  alluded 
to  are  36  feet  thick  at  Ambarrow  and  have  thickened  to  41  feet  at 
Wellington  College  5  tolongs  to  the  north-east,  therefore  at  Bill 
Hill,  Bracknell,  ^  furlongs  to  the  north-east,  they  will  be  71  feet 
thick.  Probably  he  would  not,  nor  should  I.  In  the  first  place,  I 
must  be  allowed  to  doubt  whether  the  41  feet  of  green  sand  at 
Wellington  College  were  wholly  green  sand,  and  the  36  feet  at 
Ambarrow  are,  according  to  Dr.  Irving's  own  section,  largely  made 
up  of  grey  sand  and  day ;  and  secondly,  looking  at  the  irregularit}' 
in  the  shape  and  occurrence  of  beds  of  green  sand  at  Ascot  and 
other  places,  an  argument  such  as  Dr.  Irving  uses  is  hardly 
applicable  to  strata  so  variable. 

1  Gcol.  Mag.  for  1891,  p.  361. 

*  See  *  Beoent  ContributionB  to  the  Stratigraphy  of  the  later  Eocenes  of  the 
London  Basin/  by  Dr.  A.  Irving,  Wellington  College,  1891,  p.  7. 

e2 
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Dr.  Trying,  in  his  numerons  papers,  seems  very  anxious  to  prove 
an  overlap  of  the  Upper  and  Middle  Bagshot  Beds  over  the  Lower 
Bagshot.  At  one  time  he  suggested  an  overlap  on  to  the  London 
Clay,  but,  with  the  exception  perhaps  of  Wokingham,  he  appears  to 
have  abandoned  this  contention  so  far  as  the  Bagshot  country  is 
concerned. 

The  result  of  long-continued  and  careful  investigation  is  that  I 
am  unable  to  find  any  existence  in  the  Bagshot  country  of  the 
overlap  of  either  the  Upper  Bagshot  Beds  or  of  the  Middle  Bagshot 
Beds,  but  I  am  inclined  to  think  that  there  are  considerable  varia^ 
tions  in  the  thickness  of  the  Lower  Bagshot  Beds,  and  to  a  certain 
extent  also  of  the  Middle  Bagshot  Beds. 

In  Dr.  Irving's  1887  paper ,^  he  criticizes  the  method  which 
Mr.  R.  S.  Herries  and  myself  had  adopted  in  1886,^  saying  that 
underlying  our  method  was  the  assumption  that  mere  contiguity  or 
proximity  to  the  London  Clay  is  evidence  of  Lower  Bagshot 
horizons ;  but  this  can  hardly  be  deemed  quite  correct.  Our 
process  consisted  in  taking  admitted  sections  as  types  and  com- 
paring those  in  dispute  with  them.  We  found  good  sections  of  the 
junction  between  the  Middle  and  Lower  beds  at  Goldsworthy  Hill 
and  at  St.  Ann's  Hill  which  are  still  open  and  in  good  order.  The 
finest  Lower  Bagshot  sections  now  open  are,  however,  those  in  the 
railway-cutting  and  the  sandpits  at  Uedan  Hill,  Aldershot.  In 
1885  Dr.  Irving  had  claimed  them  as  Upper  Bagshot,  so  that  we 
were  unable  to  refer  to  them  as  typical  sections,  but  the  evidence 
for  their  Lower  Bagshot  age  is  now  so  overwhelming  that  I  find 
them  at  my  service  for  that  purpose.' 

Three  and  a  half  miles  to  the  north-east  of  Redan  Hill,  on  the 
same  line  of  railway,  there  are  the  finest  sections  in  the  country  of 
Upper  Bagshot  Sand  at  and  near  Tunnel  Hill,  so  that  here  we  have 
two  sets  of  excellent  type-sections  with  which  to  compare  those  in 
question.  Now,  at  first  sight  both  the  Eedan  Hill  and  the  Tunnel 
Hill  sections  look  like  yellow  sand — indeed  so  much  alike  are  they 
that,  as  before  said.  Dr.  Irving  mistook  that  at  Bedan  Hill  for 
Upper  Bagshot.  But  on  careful  examination  it  is  seen  that  there 
are  differences.  Thus  at  Tunnel  Hill  (Upper  Bagshot)  there  is 
little  sign  of  stratification  excepting  in  broad  fairly  even  bands  of 
variously-tinted  sand,  there  is  no  false-  or  current-bedding  nor  any 
laminae  of  clay,  and  there  is  an  abundance  of  irony  concretions 
which  in  places  are  casts  or  have  impressions  of  shells.  At  Redan 
Hill  and  the  adjoining  pits  (Lower  Bagshot)  there  is  much  false-  or 
current-bedding,  clay  laminae  are  abundant  in  many  places,  and  no 
cast  of  a  shell  has  yet  been  found,  though  irony  concretions  are  not 
uncommon. 

In  my  experience  and  in  that  of  Mr.  R.  S.  Herries  these  charac- 
teristics are  wonderfully  persistent,  and  though  they  may  not  be 
infallible  I  should  have  the  greatest  hesitation  in  classing  a  false- 
bedded  saud  with  pipeclay  laminae  as  Upper  Bagshot,  or  in  calling  a 

1  Quart.  Journ.  Geol.  See.  toI.  xliii.  p.  374.  *  Ibid,  loL  xlii.  p.  402 

»  Ibid,  p.  410 ;  ibid,  vol.  xliii.  p.  431. 
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yellow  sand  full  of  casts  of  marine  shells  Lower  Bagshot.  In  his 
paper  of  1887  *  and  in  his  last  paper,*  Dr.  Irving  deals  with  this 
question;  but,  as  a  matter  of  fact,  neither  Mr.  Herries  nor  I 
say  that  the  presence  of  pipeclay  seams  is  conclusive  evidence  of  a 
Lower  Bagshot  horizon  (see  this  Journal,  vol.  xliii.  (1887)  p.  378), 
hut  that  it  distinguishes  the  Lower  from  the  Upper  Bagshot — a 
very  different  thing. 

I  now  propose  to  describe  the  localities  in  dispute : — 

Farley  Hill,  mapped  as  Lower  Bagshot,  but  claimed  by  Dr.  Irving 
as  probably  Middle  capped  by  Upper  Bagshot.'  He  adds  that 
further  exploration  is  needed,  and  I  was  so  fortunate  as  to  find  a 
small  section  at  the  top  of  the  hill  in  a  gravel-pit  showing  6  feet  of 
yellow  Bagshot  Sand  with  many  white  clay  laminse  below  the  gravel. 
This  is  certainly  not  Upper  Bagshot,  and  it  proves  there  is  none  of 
that  division  on  the  hill.  It  is  like  ordinary  Lower  Bagshot,  and 
though  admitting  that  one  or  two  sections  in  the  Middle  Bagshot 
not  unlike  it  are  to  be  found,  still  I  should  say  that  if  it  stands 
alone  no  one  will  hesitate  to  regard  it  as  Lower  Bagshot  Sand. 

Bearwood,  mapped  as  Lower  Bagshot.  Described  by  Dr.  Irving 
as  "an  outlier  of  Upper  Bagshot  Sands  on  London  Clay,"*  and 
shown  in  his  diagram'^  as  Upper  Bagshot  Sand  with  a  pebble-bed  at 
the  base  resting  on  London  Clay. 

On  Aug.  25,  1887,  I  visited  the  locality  in  company  with 
Dr.  Irving,  and  he  pointed  out  four  places  where  he  claimed  Upper 
Bagshot  Sand  above  the  pebble-bed : — 1,  a  hole  in  Coombe  Wood ; 
2,  the  loamy  sand  above  the  pebble-bed  in  the  pit  of  which  a 
section  is  given  ; "  3,  some  small  holes  in  a  wood  north  of  Birtle 
Heath  ;  4,  a  large  sandpit  near  Dowles  Farm. 

On  Jan.  15,  1888, 1  wrote  to  him  expressing  the  opinion  that  the 
Dowles  Farm  sandpit  was  below  the  pebble-bed,  and  not  20  feet 
above  it  as  he  had  thought,  and  was  Lower  Bagshot.''  This  Dr. 
Irving  now  admits,^  and  as  the  sands  at  Birtle  Heath  are  clearly  on 
the  same  horizon  as  the  Dowles  Farm  pit,  the  only  possible  Upper 
Bagshot  left  is  that  in  the  hole  in  Coombe  Wood  and  in  the  pebble- 
pit.  But  in  both  layers  of  whitish  day  occur,  and  they  are  in  my 
opinion  clearly  not  of  Upper  Bagshot  age. 

Dr.  Irving  further  says  in  his  '  Recent  Contributions,*  p.  16,  that 
there  is  Lower  Bagshot  Sand  underlying  the  clays  and  pebble-bed 
shown  in  the  diagram  (he.  supra  eit.y  The  idea  of  an  overlap 
here  or  of  Upper  Bagshot  Sand  resting  on  London  Clay  seems  there- 
fore to  fall  to  the  ground  ;  but  a  difficult  question  remains,  namely, 
whether  the  pebble-bed  with  the  clayey  beds  both  alJove  and  below 

*  Quart.  JouTO.  Geol.  Soc.  toI.  xliii.  p.  378. 

*  'Becont  Contributions,'  &o.,  1891,  p.  13. 

'  Quart.  Joum.  Geol.  Soc.  toI.  xliv.  (1888)  p.  177. 

*  Geol.  Mag.  for  1887,  p.  111. 

«  Quart.  Joum.  Geol.  Soc.  vol.  xliii.  (1887)  p.  388,  fig.  2. 

*  Geol.  Mog.  torn,  cit  p.  116. 
T  im,  p.  114. 

«  '  Recent  Contributions,'  &c.,  1891,  p.  15. 

»  See  also  Quart.  Joum.  Geol.  Soc.  vol.  xliv.  (1888)  p.  176. 
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ft  may  not  be  Middle  Bagshot.  The  difficulty  is  increased  by  the 
existence  of  a  somewhat  similar  bed  of  clay  at  the  Hatch  brickyard, 
described  by  Mr.  Hudleston.^  As,  however,  it  will  be  shown  later 
on  that  both  blue  clay  and  pebbles  do  occur  in  admittedly  Lower 
Bugshot  beds,  there  is  no  conclusive  reason  against  the  pebbles  and 
clays  here  and  the  clays  at  the  Hatch  brickyard  being  of  that  age. 
Neither  Mr.  Herries  nor  the  writer  ever  doubted  that  the  Dowlas 
Farm  sandpit  was  Lower  Bagshot.  We  never  saw  a  Middle  or 
Upper  Bagshot  section  in  any  way  resembling  it. 

Wokingham.  I  think  that  there  is  now  no  suggestion  of  Upper 
Bagshot  here. 

Coppid  Beech  Lane  (also  called  Buckhurst).  Mapped  as  Lower 
Bagshot ;  a  considerable  thickness  of  Upper  Bagshot  is  shown  in 
Dr.  Irving's  diagram  in  vol.  xliii.  of  this  Journal.  See  also  p.  386 
of  that  vol.  There  is  a  road-cutting  extending  nearly  to  the  top 
of  the  hill  showing  yellow  sand  with  clay  laminae,  and  there  was 
last  year  an  excellent  section  in  a  pit  on  the  south  side  of  the  high 
road,  just  above  Amen  Corner,  in  a  triangle  formed  by  cross-roads. 
The  section  was  as  follows  in  September  1890 : — 

1.  Gravel  4  feet,  resting  very  irregularly  on 

2.  Yellow  and  orange-coloured  sand,  very  beautifully  false-bedded,  with  maoy 

layers  of  white  olay  (Bagshot  Beds),  5  feet. 

The  section  was  160  feet  long  and  a  very  good  one.  I  never 
saw  any  bed  like  that  shown  in  it  in  either  the  Upper  or  Middle 
Bag^ot,  and  have  no  doubt  that  the  whole  hill  is  Lower  Bagshot. 

Bracknell.  Mapped  as  Lower  Bagshot,  but  Upper  and  Middle 
Bagshot  are  claimed  here  by  Dr.  Irving.  The  evidence  appears  t<> 
me  clearly  sufficient  to  show  that  there  is  no  Upper  Bagshot  here, 
for  there  is  green  sand,  either  Middle  Bagshot  or  debris  of  that 
formation,  at  the  highest  point.  Bill  Hill.  It  is  possible,  therefore, 
that  a  small  Middle  Bagshot  outlier  occurs  there.  Here,  as  in  the 
other  cases,  I  quite  agree  with  Dr.  Irving  that  it  is  more  satis- 
factory to  aigue  the  question  out  on  the  ground  than  at  a  distance, 
and  I  have  been  over  it  again  and  again  both  alone  and  with 
Mr.  W.  H.  Hudleston,  Mr.  J.  H.  Blake,  and  Mr.  E.  S.  Herries.  It 
is  not  easy  to  explain  in  a  few  words  how  very  clear  the  matter 
really  is  when  one  walks  from  the  Easthampstead  Caesar's  Camp  to 
Bracknell. 

The  green  sands  of  the  Middle  Bagshot  crop  out  above  the  300- 
feet  contour  at  Csesar's  Camp,  there  is  no  sign  of  them  at  Easthamp- 
stead Church  •hill,  285  feet  above  O.D.,  but  at  Bill  Hill  (Bracknell) 
we  find  some  green  sand  at  the  top  of  the  hill  over  300  feet  above 
O.D.  This  interesting  fact  was  discovered  by  Mr.  Herries  in  1888, 
and  independently  by  Mr.  Whitaker,  I  believe,  in  1890.^ 

Everything  below  the  green  sand  of  Bill  Hill  appears  to  be 
Lower  Bagshot,  and  there  are  thoroughly  satisfactory  Lower  Bag- 

1  Quart.  Joum.  Geol.  Soc.  vol.  xliii.  (1887)  p.  448. 
^  Ibid.  vol.  xlvii.  Proc.  p.  4. 
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shot   sections   at  Easthampstead  Church,  Bill  Hill,  and   in   the 
Bracknell  railway-cutting. 

The  Ascot  ffiUs,  mapped  as  Lower  Bagshot.  In  Dr.  Irving's 
section  (vol.  xliii.  of  this  Journal)  he  shows  a  great  thickness  of 
Upper  Bagshot  on  these  hills,  the  top  of  which  he  marks  ^  Goathurst 
ffill,'  and  in  1888  he  says  "  the  Ascot  Hills  have  a  capping  of 
Upper  [Bagshot]  Sands,  the  base  of  which  (about  800  feet  O.D.) 
etc."  *  The  result  of  my  investigations  is  to  convince  me  that  there 
is  no  Upper  Bagshot,  but  that  there  may  very  probably  be  a  small 
patch  of  Middle  Bagshot  on  Goathurst  Hill,  and  possibly  another  on 
Long  Hill.  I  feel,  however,  doubts  about  this,  as  it  appears  probable 
that  the  patches  of  green  sand  which  do  occur  are  remains  of  Middle 
Bagshot  that  once  existed  there  but  have  been  eroded  away. 

In  1890  I  saw  a  satisfactory  section  in  a  new  reservoir,  at  the  c 
in  '  Ascot  Priory '  on  the  new  one-inch  map,  and  a  quarter  of  a 
mile  south  of  the  junction  of  the  roads  at  Ohavey  Down,  at  the  top  of 
the  hill,  320  feet  above  O.B.  It  showed  a  considerable  thickness  of 
gravel  resting  on  yellow  false-bedded  sand,  evidently  the  same  bed 
as  that  shown  in  the  large  sandpits  dose  at  hand,  the  sections  in 
which  extend  up  to  about  304  or  305  feet  above  O.D.  The  whole 
is  very  clearly  Lower  Bagshot.  The  top  of  Goathurst  Hill,  667 
yards  N.E.,  is  the  same  height  as  the  reservoir,  and  on  its  western 
slope  there  was  at  one  time  a. brick-field.  In  this  old  brick-field, 
310  feet  above  O.D.,  Mr.  Herries  and  I  found  (March  17,  1888) 
some  green  sand.  I  think  it  was  not  in  place,  but  probably  had 
come  from  the  top  of  the  hill,  which  is  overgrown  with  vegetation. 
It  is  only  the  topmost  20  feet  which  is  obscure,  and  part  of  it  is 
gravel  seen  in  old  workings.  There  is  no  evidence  of  Upper  Bag- 
shot,  but  there  is,  I  think,  a  small  capping  of  Middle  Bagshot.  At 
the  bottom  of  the  hill  to  the  north  there  is  an  excellent  Lower 
Bagshot  section,  and  there  is  another  farther  east  opposite  the 
Boyal  Kennels,  Ascot,  275  feet  above  O.D.  In  the  latter  the  clay 
layers  are  very  well  marked,  and  one  is  3|  inches  thick. 

The  above  evidence  makes  it  clear  that  there  is  no  overlap  of  the 
Upper  Bagshot  on  the  northern  margin  of  Sheet  VIII.  of  the  Geo- 
logical Survey  map  as  claimed  by  Dr.  Irving  in  the  Geol.  Mag.  for 
1887,  p.  115  (2),  nor  any  Upper  Bagshot  at  Farley  Hill,'  at  Bear- 
wood, Coppid  Beech  Lane  (Buckhurst),  Bracknell,  or  Goathurst  Hill, 
Ascotl^  I  admit  that  there  may  be  Middle  Bagshot  capping  the 
hills  at  Bracknell  and  Ascot.  There  is  still  the  contention  that 
Middle  Bagshot  exists  at  Farley  Hill,  Bearwood,  Wokingham,  Coppid 
Beech  Lane,  and  Wick  Hill,  Bracknell,  to  be  dealt  with.  Now,  I 
admit  that  it  is  easier  to  distinguish  between  the  Upper  and  Lower 
than  between  either  of  them  and  the  Middle  Bagshot.  The  question 
at  present,  however,  is  only  between  the  Middle  and  Lower  Bagshot, 
and  I  would  point  out,  to  begin  with,  that  at  none  of  the  places 
above  mentioned  has  any  green  sand  been  found.     Not  only  are 

*  Quart  Joum.  G^eol.  Soc.  toI.  xliv.  p.  170. 

»  Ibid.  p.  177. 

«  Ibid.  vol.  xliii.  (1887)  p.  388,  diagram,  fig.  2. 
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thick  beds  of  green  sand  absent,  but  patches  and  pockets  of  green 
sand  and  even  scattered  green  grains  are  wanting,  yet  these  are  all 
usually  found  in  Middle  Eagshot  sections.  But  Middle  Eagshot 
"without  green  sand  would  no  doubt  be  so  like  Lower  Bagshot  that 
perhaps  we  should  fall  back  on  the  balance  of  probabilities ;  now, 
as  the  evidence  of  overlap  elsewhere  in  this  area  has  broken  down, 
when  we  find  a  bed  resting  on  London  Clay  which  may  be  Middle 
or  may  be  Lower  Bagshot,  I  should  say  the  balance  is  in  favour  of 
its  Lower  Bagshot  age,  and  I  deny  that  such  a  statement  involves 
any  jpetitio  principii. 

This  question  takes  us  back  to  the  Wellington  College  well. 
Dr.  Lrving  first  described  it  in  1883,^  and  again  with  further  details 
in  1885.  On  both  occasions  he  described  bed  14  as  Bagshot  or 
partly  Eagshot,  and  in  1885  said  "  we  seem  to  find  a  passage  from 
the  London  Clay  into  the  Bagshot  Sands."  ^  In  his  diagram  in 
1887,*  he  put  bed  14  into  the  London  Clay  without  giving  reasons. 
He  now  says  there  is  no  evidence  of  a  passage  bed  here.^ 

In  the  note  on  page  145  of  the  Proc.  Geol.  Assoc.  voL  viii.  (1883) 
he  says  that  a  new  section  of  the  first  30  feet  of  the  well  has  been 
opened,  and  the  pebbles  in  bed  6  are  more  abundant  than  in  bed  3. 
But  according  to  his  figures  bed  6  is  39  feet  from  the  surface.  I 
mention  these  points  to  show  what  an  unsatisfactory  type-section 
this  is.  One  most  important  problem  in  connexion  with  this  well- 
section  is  the  location  of  the  bottom  of  the  Middle  Bagshot,  taking 
the  Goldsworthy  section  as  the  type.  Now,  looking  at  Dr.  Irving^s 
latest  account  of  the  section  ('  Becent  Contributions,'  p.  11),  it 
seems  possible  that  the  base  of  the  Middle  Bagshot  is  some  6  inches 
below  the  top  of  bed  10,  and  tbat  the  clay  and  sand  below  should 
be  correlated  with  the  Lower  Bagshot  of  Goldsworthy. 

North-west  of  Wellington  College  is  the  South  Eastern  Hailway, 
where  there  are  some  sections  which  have  been  productive  of 
much  discussion.  The  following  diagrammatic  sections  along  it  have 
been  published : — 

1.  1883,  Monckton,  Quart.  Journ.  Geol.  Soc.  vol.  xxxix.  p.  351. 

Dip  as  stated  in  the  note  is  too  high,  making  Middle  Bagshot 
too  thick ;  outcrop  of  various  beds  fairly  correct. 

2.  1883,  Dr.  Irving,  Proc.  Geol.  Assoc,  vol.  viii.  p.  150. 

3.  1885,  Dr.  Irving,  Quart.  Journ.  Geol.  Soc.  vol.  xli.  p.  498. 

In  both  these  the  pebble-bed  3  is  shown  north  of  the  station, 
whereas  I  believe  only  debris  of  the  pebble-bed  occur  there. 
Anticlinals  are  shown  north  and  south  of  the  Wellington 
College  station  wrongly,  as  I  think. 

4.  1886,  Monckton  and  Herries,  Quart.  Journ.  Geol.  Soc.  vol.  xlii. 

p.  407.  The  dip  north  of  the  station  is  rather  too  high,  as 
Dr.  Irving  has  pointed  out.  The  parts  of  the  diagram 
where  there  were  no  sections  were  left  blank,  but  the  pits 

^  Proc.  Geol.  Assoc,  vol.  viii.  p.  144. 
^  Quart.  Journ.  Gbol.  Soc.  vol.  zli.  p.  495. 
'^  Ibid.  Tol.  xliii.  p.  388,  fig.  1. 
*  '  Becent  Contributiona/  p.  12. 
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described  by  Dr.  Irving  show  that  the  clay  no.  9  should  be 
carried  on  northwards.  This  clay  I  believe  to  represent  the 
bottom  bed  of  the  Middle  Bagshot  at  Goldsworthy.  On 
that  point  we  are,  I  think,  all  agreed,  and  it  is  my  belief 
that,  so  far  as  this  diagram  is  concerned,  the  only  difference 
between  Dr.  Irving  and  myself  is  whether  this  clay  crops 
out  south  of  the  place  whpre  Mr.  Herries  and  I  have  marked 
sand  under  the  letter  d,  or  whether  it  continues  through  the 
hill  and  crops  out  a  little  north  of  the  letter  d. 

5.  1887,  Dr.  Irving,  Quart.  Joum.  Geol.  Soc.  vol.  xliii.  p.  386, 

fig.  I.  In  this  diagram  the  anticlinals  both  north  and  south 
of  the  station  are  given  up  and  the  bedding  made  horizontal^ 
but  I  do  not  agree  with  this  any  more  than  with  the  suppo- 
sition of  anticlinals,  for  the  bed  of  green  sand  is  well  seen  in 
the  cutting  north  of  the  station  as  shown  in  the  diagram  by 
Mr.  Herries  and  myself  in  1886,  whereas  Dr.  Irving  does  not 
allow  that  it  rises  above  the  line.  There  is  also  a  mistake 
at  the  words  '  Nine-Mile  Bide,'  where  the  railway-cutting  is 
drawn  as  gravel  with  a  considerable  thickness  of  Middle 
Bagshot  beds  below  the  level  of  the  line ;  while  in  fact  the 
railway-cutting  is  in  Lower  Bagshot  sand  capped  by  gravel, 
as  has  always  been  contended  by  Mr.  J.  H.  Blake,  Mr.  R.  S. 
Herries,  and  myself,  and  as  Dr.  Irving  now  admits  (*  Recent 
Contributions,  &c.'  p.  13,  note  B). 

6.  On  Nov.  12th,  1890,  Dr.  Irving  exhibited  at  the  meeting  of 

the  Society  a  revised  version  of  the  sections  along  the  South 
Eastern  Railway.  I  regret  to  say  that,  owing  to  the  smalbiess 
of  the  scale,  I  could  not  see  it  well  enough  when  speaking 
to  deal  with  it  properly,  and  my  remarks  published  in  this 
Journal  (vol.  xlvii.  Froc,  p.  3)  referred  therefore  to  the 
diagram  of  1887,  no.  6  of  the  present  list,  which  was  also 
exhibited.  At  the  meeting  on  June  10th,  1891,  the  new 
diagram  was  exhibited  drawn  to  a  large  scale,  and  I  took 
the  opportunity  of  pointing  out  exactly  how  far  I  agreed 
with  it.  The  chief  difference  between  Dr.  Irving  and  myself 
seemed  to  be  that  to  which  I  have  already  alluded,  viz. 
whether  the  basement-bed  of  the  Middle  Bagshot  seen  in 
the  clay  pit  at  the  Old  Roman  Road  crops  out  near  the 
second  signal-post  north  of  Wellington  College  station,  or 
whether  it  runs  on  somewhat  farther  north,  and  whether  the 
beds  at  Wokingham  are  Lower  Bagshot,  as  I  think,  or  partly 
Middle  Bagshot,  as  Dr.  Irving  contends.  The  sands  in  the 
well  d  in  the  diagram  by  Mr.  Herries  and  myself  *  were 
certainly  clayey,  especially  in  the  upper  part,  but  I  saw  no 
clay  like  that  in  the  claypit  by  the  Roman  Road,  which  is  a 
little  north  of  the  figure  9  in  that  diagram.  I  admit  also 
that  there  are  some  loamy  sands  at  Wokingham,  but  the 
mere  fact  that  clays  occur  is  not  by  any  means  strong 
evidence  against  Lower  Bagshot  age. 

1  Quart.  Journ.  Geol.  Soc.  yoI.  xlii.  (1886)  p.  407,  fig.  1. 
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To  prove  the  occurrence  of  clay  in  the  Lower  Bagshot  I  need 
only  refer  to  the  following  sections ;  in  addition  to  which  I  may 
remind  geologists  of  the  hed  of  pebbles  underlain  by  blackish  day, 
so  well  shown  in  the  railway-cutting  at  Virginia  Water  Station, 
which  is  undoubtedly  Lower  Bagshot,  and  is  not  at  all  unlike  the 
Bearwood  section. 

Aldershot  WeU  at  D  lines. — ^Lyoqs,  Quart.  Journ.  Geol.  Soo.  toI.  xliii.  (1887) 

p.  434. 
Aldershot  Town  Brickyards, — ^Dr.  Irving,  Quart.  Journ.  CkoL  See.  vol.  xli- 

(1885)  p.  601. 

Ash.—DT.  Irving,  Proc.  Geol.  Assoc,  vol.  ix.  (1886)  p.  416. 
Brookwood  Well.— Dr.  Irving,  Geol.  Mag.  for  1886,  p.  353. 

Goldsworthy  JEfi^.— Prof.  Prestwich,  Quart.  Journ.  Geol.  Soc.  vol.  iii.  (1847) 
p.  382. 

Walton  Railway-cutting,— "M-r.  Hudleston,  Quart.  Journ.  Geol.  Soc.  vol.  xlii. 

(1886)  p.  i57,  fig.  6,  bed  2. 

8troitdc.—M.onckton  and  Herries,  Quart  Journ.  Geol.  Soc.  vol.  xlii.  (1886). 
p.  404. 

Now  my  contention  is  that  all  probability  is  in  favour  of  the 
Lower  Bagshots  north  of  Wellington  College  containing  clay  beds 
as  they  do  elsewhere,  and  that  Dr.  Irving  is  not  justified  in  treating 
every  clay  bed  he  finds  as  Middle  Bagshot  and  thus  producing  the 
alleged  thinning-out  of  the  Lower  Bagshot  Beds.  I  am  inclined  to 
think  that,  if  the  type-section  at  Goldsworthy  be  strictly  adhered 
to,  the  Geological  Survey  map  has  given  too  great  an  extension  to 
the  Middle  Bagshots  in  the  Wellington  College  district,  and  that 
the  day  bed  worked  for  brickmaking  at  California,  near  Finch- 
ampstead,  should  be  included  in  the  Lower  Bagshot.  See  Monckton 
and  Herries,  Quart."  Journ.  Geol.  Soc.  vol.  xlii.  (1886)  p.  409,  fig.  2. 
In  this  instance  Dr.  Irving  agrees  with  the  mapping. 

In  conclusion  I  should  like  to  say  that  it  is  not  easy  to  explain 
in  a  short  space  the  whole  evidence  relating  to  each  of  the  nume- 
rous localities  dealt  with  in  this  paper,  but  that  I  am  always  happy 
to  go  over  the  ground  with  those  interested  in  the  questions  to 
which  I  have  referred. 


Discussion. 

The  Chairman  remarked  that  the  absence  of  any  antagonist 
would  preclude  this  paper  from  being  fully  discussed.  As  regards 
the  alleged  overlap  or  overlaps  he  had  concluded  that  they  were 
non-existent,  and  that  if  appearances  seemed,  in  some  cases,  to 
justify  such  an  interpretation,  these  were  more  likely  to  be  due  to 
lateral  changes  from  clay  to  sand,  or  vice  versa^  in  a  series  thus  con- 
stituted. He  never  put  forward  the  view  to  which  the  Author  had 
alluded  with  any  idea  that  it  should  replace  the  threefold  division  of 
the  Bagshots,  but  simply  to  draw  attention  to  the  undoubted  fact 
that  there  were  two  totally  distinct  series  within  the  area — an  upper 
f ossiliferous  one  which  was  wholly  marine,  and  a  lower  unfossiliferous 
one  of  probably  freshwater  origin.    The  curious  way  in  which  the 
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sands  and  days  of  this  latter  seem  to  replace  each  other  has  probably 
been  the  cause  of  so  much  divergence  of  opinion. 

Mr.  B.  B.  Berries  thought  that  the  chief  difficulty  in  the  way  of 
drawing  a  line  between  the  Middle  and  Lower  Bagshots  at  the  base 
of  the  green  sands  was  the  inconstant  nature  of  these  sands.  The 
clays  below  them,  on  the  other  hand,  were  very  constant  and  easily 
recognized,  and  therefore  formed  a  convenient  line  of  division. 
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I.  IinrEODucnoN. 

Ik  September  last  I  found  it  possible  to  carry  out  a  long-standing 
engagement  with  the  Rev.  Dr.  Irving  to  visit  South  Devon  in  his 
company,  and  to  form  an  opinion  upon  his  views  regarding  the  agc) 
and  succession  of  the  great  series  of  red  rocks  which  are  exposed 
to  view  in  such  magnificent  sections  along  the  coast  to  the  east  and 
west  of  the  estuary  of  the  River  Exe.  On  reading  Dr.  Irving's 
paper,  published  in  this  Journal  in  1888,  it  appeared  to  me  that 
he  had  gone  very  far  towards  establishing  Ids  proposition  that 
the  brecciated  beds  forming  the  base  of  the  whole  series,  and  resting 
discordantly  on  the  Devonian  rocks,  were  really  the  representatives 
of  the  Lower  Permian  breccias  of  the  Midland  and  Western  counties, 
but  I  was  little  prepared  for  the — I  might  almost  say — overwhelming 
evidence  that  such  is  the  case  upon  an  examination  of  the  coast 
sections  extending  from  Oddicombe  Bay  to  and  beyond  Teignmouth 
and  Dawlish. 

Having  examined  these  basement-beds  of  the  series,  we  continued 
our  survey  of  the  coast  and  inland  sections  of  the  succeeding  strata 
eastwards  to  Sidmouth — terminating  with  the  Keuper  marls  under- 
lying the  Cretaceous  beds  which  form  the  cap  of  Salcombe  Hill, 
and  which  break  off  in  a  lofty  and  precipitous  diff  seawards ;  so 
that  the  whole  structure  of  the  ridge  is  laid  open  from  the  summit 
to  the  water's  edge.  The  result  of  this  reconnaissance  has  been  to 
enable  me  to  confirm  in  all  the  main  points  Dr.  Irving's  view,  and 
to  correlate  the  series  with  the  Permian  and  Triassic  succession  as 
developed  in  the  Midland  and  Western  counties. 

It  is  not  my  intention  to  do  over  again  what  has  been  so  well 
done  before,  and  describe  the  successive  strata  lying  between  the 
Devonian  rocks  of  Torquay  on  the  one  hand  and  the  Cretaceous 
beds  of  the  coast  east  of  Sidmouth  on  the  other,  further  than  is 
necessary  to  explain  my  reasons  for  supporting  Dr.  Irving's  views 
with  only  one  important  (and  somewhat  doubtful)  exception. 
Much  less  do  I  intend  to  enter  into  controversy  with  any  previous 
writer  on  the  age  and  relations  of  these  red  beds.  Having  had 
opportunities,  through  many  years  of  Survey  work,  of  becoming 
acquainted  with  the  structure  and  details  of  the  red  rocks  of  the 
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Midland  and  Western  counties,  I  have  long  felt  that  this  work 
would  be  incomplete  if  I  did  not  turn  tbiB  experience  to  some 
account  in  attempting  to  correlate  the  generally  representative 
series  of  Devonshire  with  that  lying  along  the  borders  of  Wales  and 
extending  into  the  Midland  counties  of  England.  The  opportunity 
for  so  doing  has  at  length  been  given,  and  I  proceed  as  briefly  as 
possible' to  summarize  my  conclusions. 

The  typical  district  with  which,  as  it  seems  to  me,  the  Devon- 
shire sections  are  comparable  in  the  northern  area,  is  that  lying 
along  the  Severn  Valley  in  parts  of  Worcestershire  and  Salop,  about 
Enville  and  Bridgenorth.  The  actual  continuity  of  the  series  be- 
tween the  northern  and  southern  areas  has  (as  is  well  known)  been 
interrupted  by  the  Falseozoic  ridge — which  comes  to  light  from  be- 
neath the  liassic  and  Oolitic  beds  in  Somersetshire— composed 
mainly  of  Carboniferous  rocks,  and  which  in  some  places  was  never 
submerged  during  the  whole  Permian  and  Triassic  periods.  Under 
such  conditions  it  would  have  been  by  no  means  surprising  if  the 
representative  series  to  the  north  and  south  of  this  dividing  ridge 
haid  been  so  different  as  to  render  any  correlation  of  the  members 
impossible.  It  is,  therefore,  with  pleasurable  surprise  that  one 
finds  sufficient  evidence  in  the  succession  and  composition  of  the 
strata  on  both  sides  to  admit  of  a  general  correlation  of  the  whole 
series,  with  very  few  doubtful  intervals,  and  amply  sufficient  to  de- 
termine the  relations  of  all  the  most  important  divisions.  In  fact, 
in  crossing  the  strike  of  the  Triassic  series  a  few  miles  inland  from 
the  Devonshire  coast,  we  might  often  imagine  ourselves  in  some 
part  of  Staffordshire,  Shropshire,  or  Worcestershire,  so  remarkably 
similar  are  the  beds  themselves,  and  the  features  of  the  landscape 
which  are  the  outward  manifestation  of  them. 

The  general  succession  of  the  post-Carboniferous  series  in  the 
Western  Midland  district  north  of  the  old  Palasozoic  ridge  may  be 
thus  stated : — 

r  Bed  Marl  paasiDg  downwards  into 
f     Keuper 

Senes.     '  Lower  Keuper  Sandstone  (with  base  of   Cal- 
careous Breccia). 

{Upper  Mottled  Sandstone  (Upper  Bunter). 
Pebble-beds  and  Conglomerate  (Middle  Bunter). 
Lower  Mottled  Sandstone  (Lower  Bunter).    (?) 
Tjowbr  PsRiiiAif  (  ^**T*^®  Sandstones,  Marls,  and  unconsolidated 

(Eoth^todte-Uegende).      |     fXtmt^'liSS?""**  "' ^"''' 

In  my  short  description  of  what  I  consider  the  representative 
series  in  Devonshire,  it  will  be  convenient  to  commence  with  the 

^  Sometimes  (as  in  the  Abberley  Hills)  the  Permian  beds  are  represented  by 
breccia  only.  The  most  complete  series  is  to  be  found  at  Enfille  in  Salop ;  see 
'Triassic  and  Permian  Bocks  of  the  Midland  Counties,'  Mem.  GeoL  Survey 
(18(59). 
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lowest  beds,  and  follow  the  section  upwards ;  and  it  may  be  stated 
that  Dr.  Irving — by  whom  the  writer  was  accompanied — had  not 
had  a  previous  opportunity  of  examining  the  sections  which  we  first 
visited  together  in  the  neighbourhood  of  Torquay. 

n.  Lower  Permian  Breccia  forming  base  op  Series. 

Torqueiy  District :  Oddicomhe  Bay. — ^The  cliffs  which  bound  the 
coast  at  Babbacombe  and  Oddicomhe  Bays  rise  to  a  height  of  about 
300-400  feet,  and  display  a  magnificent  section  of  red  and  purple 
breccia,  resting  on  either  hand  against  the  slopes  of  Devonian  lime- 
stone, which  were  evidently  hoUowed  out  into  the  form  of  a  bay  or 
river  channel,   and  afterwards   filled  in  with   the  detritus  now 


Cliff-section  above  Oddicomhe  Bay. 


Lower  Permian.     Brecciated  red  sandstone  and  unoonsolidated  shingle, 
resting  against  the  face^of 
D,  a  Falieozoic  cliff  formed  of  highly  inclined  Devonian  limestone. 

[The  above  sketch  is  taken  from  one  made  on  the  spot  The  strata  (B)  are 
shown  in  the  line  of  strike,  north  and  south.  At  right  angles  thereto  there 
would  be  no  doubt  a  small  dip.] 

forming  the  brecciated  beds,  lying  at  the  base  of  the  whole  series 
of  red  rocks.^  The  pebbles  of  which  they  consist  are  chiefly 
Devonian  limestone,  purple  grits  from  the  same  formation,  and 
smaller  numbers  of  vein  quartz  and  decomposed  slate  (probably 
Carboniferous).  We  also  found  a  pebble  of  grey  granite  with  black 
mica.  Some  of  the  pebbles  are  several  inches  in  diameter  and 
rounded,  but  the  majority  are  subangular,  and  all  are  enclosed  in  an 
incoherent  red  sandy  material,  often  calcareous. 

Proceeding  northwards  towards  Exmouth,  another  remarkable 
diff-section  bounds  the  coast  at  Labrador  Hotel,  equally  lofty,  and 
furnishing  a  great  variety  of  fragmental  blocks  and  stones,  some 
over  a  foot  in  diameter.  They  consist  of  red  and  purple  grits  in 
varying    proportions   according   to    locality,  Devonian  limestone, 

1  These  brecciated  beds  with  their  associated  igneous  rocks  were  described  by 
Sir  H.  T.  De  la  Beche  in  his  '  Report  on  the  Geology  of  Cornwall,  Devon,  &0.,' 
pp.  193  et  8eq.f  and  classed  under  *  the  Bed  Sandstone  Series.'  The  occur- 
rence of  contemporaneous  volcanic  rocks  is  highly  suggestive  of  their  Permian 
age. 
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porphyrite,  quartz,  &c.  The  whole  mass  has  a  rude  stratification, 
and  the  blocks  and  pebbles  are  generally  subangdar  and  embedded 
in  a  red  sandy  paste.  Sections  are  also  shown  by  the  Teignmouth 
roadside,  one  of  which,  at  a  bend  near  Higher  Gable,  exhibits  un-^ 
consolidated  breccia,  absolutely  indistinguishable  from  the  Lower 
Permian  breccia  of  Shropshire  or  Worcestershire  as  it  occurs  in  some 
placesw  The  sections  above  described  are  continued  along  the  coast 
above  Teignmouth  and  in  the  railway-cuttings,  but  need  not  be 
here  further  referred  to,  as  having  been  already  so  well  and  so  often 
described.  The  whole  series  must  be  of  great  thickness,  perhaps 
approaching  1000  feet — although  the  dip  is  generally  slight. 

As  regards  their  geological  position,  there  can  be  no  doubt  that 
they  are  representatives  of  the  Lower  Permian  stage.  To  this 
opinion  one  is  impelled  both  by  their  remarkable  resemblance  to  the 
beds  of  that  age  in  Salop,  Worcester,  and  Warwickshire ;  and  also 
by  their  position,  lying  as  they  do  directly  on  the  Paisdozoic  rocks 
in  a  highly  discordant  position,  and  at  the  base  of  the  whole  series 
of  red  strata  of  Devonshire.  The  conditions  which  obtained  in  the 
border  districts,  north  of  the  old  PalsBozoic  ridge,  appear  to  have 
been  reproduced  in  the  Devonshire  area,  along  the  borders  of  the 
old  land  formed  of  Carboniferous,  Devonian,  and  older  rocks,  which 
had  been  disturbed  and  eroded  at  the  close  of  the  Carboniferous 
epoch,  and  from  the  waste  of  which  these  brecciated  masses  were 
constructed. 

I  may  add  that  there  is  nothing  in  the  appearance  of  this  breccia 
at  all  resembling  the  Bunter  Sandstone  either  of  Central  England  or 
of  Germany.  On  the  other  hand,  it  is  strikingly  like  the  Lower 
Permian  breccia  of  both  countries.^ 

III.  The  Triassic  Beds  (Bunter  Series). 

On  crossing  to  the  eastern  side  of  the  estuary  of  the  Exe  we  come 
upon  an  entirely  different  series  of  red  beds  admittedly  newer  than 
those  of  the  western  shore  of  this  estuary,  with  a  general  easterly 
dip  and  occasionally  dislocated  by  small  faults ; — not  so  great  as 
to  disarrange  the  order  of  succession,  or  such  as  to  render  the  rela^ 
tions  of  the  beds  obscui-e.  The  lowest  visible  beds  of  this  series 
occur  at  Exmouth,  and  are  laid  open  in  the  little  section  forming 
the  old  sea-cliffs  before  the  last  general  elevation  of  the  sea-bed. 
These  consist  of  soft,  bright,  red  sandstone  with  oblique  lamination, 
occasionally  streaked  with  white  and  parted  by  marly  bands. 
Above  this  sandstone  comes  a  thick  deposit  of  purple  marl  with  bands 
of  soft  white  sandstone,  and  this  again  is  succeeded  by  soft  bright- 

^  The  desoription  of  Sir  R.  I.  Murchison  for  the  breccia  of  the  Itothe-todte- 
liegende  near  Eisenach  might  be  applied  to  those  of  Devonshire : — '  These 
great  bands,  often  of  vast  thickness,  ought,  strictly  speaking,  to  be  termed 
breccias.  .  ,  .  For,  whatever  be  the  included  material,  whether  quartz-rock,  mica- 
schist,  old  porphyry,  granite,  or  greywacke  slate,  the  fragments  are  usuallv 
angular ;  none  of  them  presenting  uie  aspect  of  having  been  rolled  on  a  beach 
or  rounded  by  the  action  of  the  waves/  Quart.  Journ.  Geol.  Soc.  vol.  zi.  (1855) 
p.  421. 
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red  sandstone  of  considerable  thickness,  which  at  the  angle  of  the 
bay  is  traversed  by  a  fault  with  a  downthrow  to  the  east  of  25-30 
feet,  noted  by  Mr.  Ussher.  Red  marls  of  considerable  thickness 
again  succeed  this  sandstone,  and  are  ultimately  surmounted  by  the 
weU-known  Budleigh  Salterton  Conglomerate.  Between  this  Con- 
glomerate and  the  Permian  breccia  we  thus  have  an  intermediate 
group  of  soft  bright-red  sandstones  and  red  marls  several  hundred 
feet  in  thickness,  and  the  question  arises,  to  what  formation  are 
they  to  be  referred  ?  Dr.  Irving  regards  this  group  as  an  upper 
division  of  the  Permian  formation — ^possibly  a  representative  of  the 
Zechstein  in  its  marly  condition  (as  it  occurs  in  Lancashire). 
But  no  bands  of  limestone,  no  traces  of  fossils  occur  in  it.  On  the 
other  hand,  the  sandstones  bear  a  strong  resemblance  to  the  ^  Lower 
Bed  and  Mottled  Sandstone '  (or  Lower  Bunter)  of  the  Geological 
Survey,  and  had  it  not  been  for  the  presence  of  the  thick  beds  of 
marl  with  which  these  sandstones  are  intercalated  there  would  have 
been  little  uncertainty  regarding  their  geological  position.  For  my 
own  part  I  am  disposed,  though  with  hesitation,  to  consider  this 
series  as  the  representative  of  the  Lower  Bunter,  and  to  regard  the 
beds  of  marl  as  of  local  origin,  constituting  a  divergence  from  the 
normal  type  of  this  division  as  it  is  represented  in  the  Western 
counties  of  England.  The  contrast  in  character  between  this  group 
of  beds  and  the  great  brecciated  series  west  of  the  estuary  of  the 
Exe  seems  too  great  to  admit  of  the  view  that  it  is  in  any  way  an 
upper  member  of  the  same  series ;  on  the  other  hand,  tiie  sandy 
strata  are  strongly  suggestive  of  Lower  Bunter  affinities. 

IV.  The  Budleigh  Saltebton  Conglomebate  and  Sandstone 
(Middle  Bunter), 

Whatever  difference  of  opinion  may  exist  between  Dr.  Irving  and 
the  writer  regarding  the  Exmouth  beds  above  described,  we  are 
quite  of  one  mind  as  to  the  geological  position  and  relations  of  the 
remarkable  conglomerate  and  overlying  beds  of  pebbly  sandstone  of 
Budleigh  Salterton.  Any  one  familiar  with  the  Middle  Bunter 
Conglomerate  of  Staffordshire,  Leicestershire,  and  Worcestershire, 
and  other  parts  of  the  Midlands,  can  scarcely  fail  to  recognize  its 
representative  in  the  Budleigh  conglomerate;  the  resemblance  in 
fact  amounts  to  identity  in  character,  and,  as  it  seems  to  me,  in 
stratigraphical  position  with  respect  to  the  overlying  series  of  red 
beds  presently  to  be  described.  As  regards  characters,  here  we 
have  the  conglomerate  made  up  mainly  of  those  peculiar  red,  purple, 
and  liver-coloured  quartzites  which  are  so  characteristic  of  the 
Bunter  conglomerate  of  the  Midland  counties  ;  and  this  resemblance 
has  been  strengthened  by  the  occurrence  in  the  pebbles  themselves 
of  fossils  of  Silurian  and  Devonian  types  in  both  districts,  described 
by  Salter '  and  Davidson  *  from  the  collection  in  the  cabinet  of  the 

1  Quart  Journ.  aeol.  8oc.  vol.  xx.  (1864)  p.  286. 

*  Ibid.  Tol.  xxvi.  (1870)  p.  70 ;  eee  also  paper  on  the  same  subject  by  A.  Wyatt 
Edgell,  ibid.  toI.  xhc.  (1874)  p.  45. 
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Eev.  W.  Vicary  of  Exeter,  and  in  those  of  the  Rev.  P.  B.  Brodie 
from  the  neighbourhood  of  Birmingham.^  While  I  do  not  assert 
that  the  occurrence  of  these  forms  in  the  deriyative  pebbles  is,  in 
identification  of  geological  position,  of  equivalent  value  to  their 
occurrence  in  the  rocks  themselves,  it  does  seem  to  me  that  the 
coincidence  is  suggestive  of  the  pebbles  being  torn  from  the  same 
Tinsabmerged  lands  at  the  same  period,  rolled  about,  and  finally  laid 
to  rest  contemporaneously,  though  possibly  in  disconnected  inland 
lakes  or  seas.  Their  presence  north  and  south  of  the  old  ridge  of 
Paleozoic  rocks,  which  was  not  finally  submerged  till  the  close  of 
the  Triassic  period,  confirms  the  view  I  have  long  held,  that  this 
ridge  it^self  was  the  source  from  which  they  were  mainly  derived ; 
and  thus  it  would  seem  that  a  fringe  of  rolled  shingle  stretched  away 
both  north  and  south  over  the  floor  of  the  submerged  land  of  the 
Midland  counties  and  of  Devon  and  Dorset  at  some  special  stage 
of  the  period  of  gradual  subsidence  corresponding  in  time  to  that  of 
the  Middle  Bunter.  There  can  be  no  doubt,  however,  that  some  of 
the  fossils  of  the  Budleigh  Salterton  Conglomerate  had  their  source 
in  Normandy  and  Britanny. 

The  conglomerate  extends  northwards  into  the  country  along  a 
ridge  of  high  ground  by  Yattington,  Woodbury  Common,  and 
Fen  Ottery  HiU,  by  the  great  British  Camp  (Alauna  Sylva)  and 
Aylesbeare  Hill,  dipping  gently  eastwards,  and  giving  origin  to 
landscape-features  constantly  reminding  us  of  those  formed  in  the 
Midland  counties  by  the  Bunter  conglomerate. 

The  Budleigh  Salterton  Conglomerate,  which  may  reach  100-150 
feet  in  thickness,  passes  below  soft  red  sandstone  with  honeycomb 
weathering,  well  displayed  in  the  magnificent  coast-section,  and 
these  beds  again  are  overlain  by  red  pebbly  sandstone  as  far  as  the 
mouth  of  the  river  Otter.  The  whole  belongs  to  one  group,  repre- 
sentative of  the  '  Pebble-beds '  (Middle  Bunter)  of  the  Geological 
Survey. 

V.  The  Upper  Red  akd  Mottled  Sandstone 
{Upper  Bunter), 

The  Upper  division  of  the  Bunter  is  very  clearly  seen  at  Sidmouth 
in  numerous  sections  in  roadsides  and  pits.  As  Dr.  Irving  has 
shown,  it  is  brought  up  by  a  fault  visible  in  the  cliff  at  Chit  Bock, 
west  of  the  village,  where  the  Keuper  marls  are  thrown  down  against 
it  on  the  west.  This  member  of  the  Bunter  Series  is  very  similar  to 
its  presumed  representative  in  the  Midland  and  Western  counties, 
consisting  of  soft  laminated  red,  yellow,  and  variegated  sandstone. 
Its  position,  between  the  Keuper  beds  on  the  one  hand  and  the 
Pebble-beds  on  the  other,  serves  to  identify  the  division  with  that 
of  the  Midland  counties,  both  as  regards  petrographical  characters 
and  order  of  succession.  Along  the  eastern  bank  of  the  Sid,  where 
it  opens  out  on  the  beach,  the  Upper  Mottled  Sandstone  is  seen 
underlying  the  pebbly  basement-bed  of  the  Lower  Keuper  Sandstone. 
^  Qp.  eU,  vol.  xxxvii.  (1881)  p.  430. 

aJ.G.S.  1^0.189.  P 
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VI.  The  Keuper  Series. 

The  Keaper  Series  is  laid  open  to  view  in  the  fine  range  of  cliffs 
along  which  the  high  ridge  of  Salcombe,  capped  by  Cretaceous  beds, 
terminates  at  the  coast-line.  Dr.  Irving  has  shown  that  the  sand- 
stones and  marls  at  the  base  gradually  pass  upwards  into  the  red  marl 
with  gypseous  bands,  about  the  geological  age  and  position  of  which 
there  can  be  no  controversy.     The  basement  of  the  series  appears 


Fig.  2. — Gliff'Section  at  Sidmotith,  showing  Keuper  bcuemerU-heds 
resting  on  Upper  Bunter  sandstone. 


a.  Red  marls  with  thin  tand- 

stoneB. 

b.  More  massiye  light-red  and 

white  freestone,  current^ 

bedded,  with  bands  of  red 

marl  and  shale. 
e.  Basement-bed     of     Keuper. 

Hard  calcareous  breoday 

2  ft.  thick. 
d.  Soft  red  sandstone,  ouirent- 

bedded. 


to  occur  in  a  thin  bed  of  conglomerate  in  the  cliffy  just  where  the 
wooden  bridge  crosses  the  stream,  at  its  opening  on  the  bay.  Below 
this  pebbly  bed,  which  seems  to  be  consolidated  by  a  calcareous 
cement,  the  soft  red  sandstone  of  the  Upper  Bunter,  traversed  by 
planes  of  oblique  bedding,  may  be  seen  ;  and  over  this  several  thick 
beds  of  light  red,  grey,  and  yellowish  sandstone,  with  partings  of 
marl ;  the  whole  (witli  its  brecciated  base)  bearing  a  very  strong 
resemblance  to  the  representative  beds  in  some  parts  of  the  Midland 
counties. 

With  the  Keuper  Series  our  work  of  identification  ends,  so  far  as 
regards  the  Devonshire  red  rocks.  From  what  has  been  here  said, 
it  will  be  seen  that,  with  one  or  two  not  very  important  exceptions, 
the  writer  concurs  in  the  interpretation  which  Dr.  Irving  has  given 
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of  ihis  series,  and  believes  with  him  that  vre  have  reprodnced  in 
Devonshire  the  representatives  of  the  Permian  and  Trias  which  enter 
into  the  structure  of  so  large  a  portion  of  the  district  bordering 
^ales  and  Shropshire,  and  which  extend  into  the  Midland  counties. 
It  is  very  remarkable  that,  notwithstanding  the  interposition  of  the 
dividing  ridge  of  Palaeozoic  rocks  which  underlies  East  Anglia,  and 
emerges  from  beneath  the  Jurassic  strata  in  Somersetshire,  the 
representative  beds  on  either  side  should  bear  so  close  a  resemblance 
to  each  other. 

In  conclusion,  I  tabulate  below  what  I  consider  to  be  the  strata 
representative  in  South  Devon  of  those  in  the  Western  Midland 
counties.  As  the  latter  have  already  been  tabulated  on  p.  61  they 
need  not  be  repeated  here : — 


f 


TbIA8    ...< 


arf'ffi' 


Bed  marl  with  gypsum  passinff  down  into 
Lower  Keuper  Sandstone  wiui  oaloareourt 
[  Lower.  (      breccia  at  base. 

flipper     Soft  yariegated  sandstone  of  Sidmouth. 
Bunter      I  Middle  I  B^^oiffh    Salterton    pebbly    sandstone    and 
Series       1  1     conglomerate. 

I  -J-  r  J2ed  marls  and  soft  yariegated  sandstone  of 

\^  ^  \     Exmouth. 
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I.  The  Base  op  the  Kbupeb  in  Devon. 

In  my  former  paper  I  took  for  the  basement-limit  of  the  Keuper 
what  we  might  fairly  call  the  base  of  the  *  buildiDg-stones.' 
Prof.  Hull,  on  a  visit  with  me  to  Sidmouth  in  the  summer  of  1891, 
suggested  that  the  bed  of  breccia  below  the  footbridge  over  the  Sid 
would  make  a  better  basement-line  for  the  Keuper  formation,  and 
bring  the  classification  more  into  harmony  with  the  lines  of  demar- 
cation adopted  by  himself  and  others  for  the  Midlands  and  else- 
where. Though  I  had  noted  this  bed  and  referred  to  it  in  my 
paper,  its  character  as  a  distinct  badement-breccia  had  not  im- 
pressed itself  upon  rac,  since  1  regarded  it  as  nothing  more  than  one 
of  the  intercalated  lenticular  masses  of  the  Bunter  Sandstone. 

A  closer  examination  reveals,  however,  its  true  character.  It  con- 
tains angular  and  subangular  fragments  of  grit  and  quartz,  enclosed 
in  a  dull  brick-red  matrix.  What  mainly  deterred  me  from  adopting 
this  breccia  as  a  basal  line  for  the  Keuper  was  the  very  marked 
current-bedded  structure  of  the  10  to  15  ft.  of  coarse  Bunter-like 
sandstone,  which  follows  the  breccia  in  the  upward  succession  on 
the  face  of  the  cliff.  This,  however,  is  not  a  real  difficulty,  because — 
as  Prof.  Hull  pointed  out  to  me  on  the  ground — this  structural 
character  is  not  at  all  uncommon  in  the  basement-beds  of  the 
Keuper  below  the  Waterstones  in  other  areas.  On  looking  into  the 
literature  of  the  subject  a  little  more  closely  since  my  visit  to 
Devon  with  Prof.  HuU,  I  find  that  the  description  of  the  Frodsham 
Beds  of  Cheshire  by  Mr.  Strahan  *  applies  so  exactly  to  the  beds 
above  the  breccia  on  the  east  of  Sidmouth  that  it  is  impossible  to 
feel  any  further  hesitation  in  accepting  them,  together  with  the 
breccia,  as  the  true  Keuper  basement-beds  in  Devon  as  in  Cheshire. 

Whether  the  breccia-line  is  continued  to  the  west  of  Sidmouth  at 
the  foot  of  the  High  Peake  cliffs '  I  am  not  able  to  say  positively, 
until  I  have  an  opportunity  of  more  closely  examining  the  cli& 
there  with  special  reference  to  this  point.  There  is,  however,  no 
reason  in  the  nature  of  things  why  the  breccia  should  be  con- 
tinuous, but  rather  the  reverse.     The  absence  of  it  would  certainly 

*  Geol.  Mag.  for  188 1 ,  pp.  396  ef  seq.  *  On  the  Lower  Sandstone  of  Cheshire/ 
by  A.  Strahan,  M.A.,  F.G.S. 

»  In  Quart.  Journ.  Geol.  Soc.  vol.  «xii.  (1876)  p.  283,  Mr.  Ussher  men- 
tions a  *  conglomerate  bed  . . .  which  crops  out  below  High  Feake  HilL' 
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make  the  exact  divisional  line  between  the  Keuper  and  the  Upper 
Bnnter  somewhat  obscure,  which  ia  exactly  what  happens  in  the 
Hawkstone  and  GrinshiU  district  of  Salop.^ 

This,  however,  leaves  ns  face  to  face  with  a  stratigraphical 
question,  which  is  not  met  by  what  is  stated  in  my  previous  papers ; 
the  question,  namely,  whether  the  Amphibian  and  Eeptilian  remains 
described  by  Mr.  Whitaker  in  this  Journal,"  those  described  by 
Mr.  Metcalfe,'  and  those  found  by  Dr.  Johnston-Lavis/  do  not 
necessitate  the  downward  extension  of  the  Lower  Keuper  Sand- 
stones, so  as  (following  Mr.  Ussher  and  Sir  A.  Ramsay ')  to  include 
the  beds  which  contain  those  remains,  and  with  this  the  recog- 
nition of  the  thin  breccias,  described  by  myself  and  other  authors 
on  the  east  side  of  the  river  Otter,  as  the  basement-line  for  the 
Xeuper  Sandstone.  Some  reason  for  an  affirmative  answer  to  this 
question  might  be  found  in  the  identification  of  these  remains  by 
palaeontologists  as  those  of  Hyperodapedony  and  the  assignment 
by  Prof.  Hull  and  others  "^  of  all  the  beds,  in  which  remains  of 
Labyrinthodon  and  Hyperod-apedon  are  known  to  occur  in  the 
Midland  area,  to  the  Lower  Keuper  Sandstone. 

But  against  this  difficulty  we  may  fairly  urge  the  following 
ailments : — 

(1)  The  improbability  of  such  an  inequality  of  development  of 
the  basement-beds  of  the  Keuper  on  the  east  and  west  of  Sidmouth 
as  this  would  require.** 

(2)  The  fact  that  in  Germany  quite  similar  beds  occur  in  the 
Upper  Bunter,  which  in  section  after  section  is  seen  visibly  under- 
lying the  MtischeUcalhy  and  very  frequently  contains  Labyrinthodont 
footprints  (as  in  the  Jena  district,  at  Karhhafen  on  the  Weser,  at 
Kissingen,  at  Wiirzburg,  in  the  Tauberthal,  and  at  Hesseberg  near 
Hildburgshausen),  while  the  skull  of  the  Labyrinthodont  Tremaia- 
gaurus  Brauni  (Burm.)  was  found  in  the  Bunter  near  Bernburg, 
and  the  remains  of  Labyrinthodon  Rutimeyeri,  described  by  "Wieders- 
heim,  were  found  in  the  Bunter  Sandstones  of  Eiehen  near 
Basel/ 

The  extreme  poverty  in  organic  remains  which  marks  the 
English  Bunter  does  not  hold  good,  then,  for  the  same  formation  in 
Germany,  where  (it  is  to  be  remembered)  the  interpolation  of  the 
Muschelkalk  makes  the  demarcation  of  Bunter  and  Keuper  a  matter  of 
certainty  J  and  furnishes  an  important  index  of  horizons,  which  we 
do  not  possess  in  such  a  well-defined  form  in  the  British  series. 

^  Hull,  *  The  Permian  and  Triasdc  Bocks  of  the  Midland  Oounties/  Mem. 
Geol.  Suit.  (1869)  p.  64. 

»  Vol.  XXV.  (1869)  p.  152.  »  Ibid,  vol.  xl.  (1884)  p.  267. 

*  Ibid.  vol.  xxxii.  (1876)  pp.  ^^et  sea. 

'  Ibid.  p.  283. 

"  Prof.  Seeley  simply  describes  Dr.  Johnston-Lavis's  '  find '  as  Labyrinthodon, 
ibid,  pp.  278  ei  seq. 

"^  Mem.  Geol.  Surv.  supra  cit,  pp.  4-6 ;  also  App.  A,  p.  120. 

'^  This,  however,  may  receive  explanation  from  the  faulting  at  Ladram  Bay. 
I  hope  to  examine  this  more  closely  ere  long. 

"  See  Credner, '  Elemente  der  Geologic/  6th  ed.  (1887)  p.  544. 
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Again,  the  fact  that  the  Devon  Kcd  Hocks  are  in  the  same  latitude 
as  those  of  Central  Germany,  and  the  farther  fact  that  they  were 
deposited  in  a  hasin  shut  off  along  the  line  of  the  Mendips  from  the 
Triassic  basin  of  the  Midlands  (and  therefore  probably  accessible  to 
warmer  oceanic  currents  producing  shore-conditions  more  favourable 
to  the  life  of  these  huge  Amphibians  and  Beptiles),  would  lead  us 
to  expect  to  find  more  traces  of  them  in  the  Devon  Bunter,  linking 
it  palaBontologically  with  the  Bunter  of  Germany,  of  which  Dr. 
Creidner  remarks  that  "•  the  frequency  of  footprints  of  these  Amphi- 
bians is  quite  a  special  feature."  ^  The  thin  bed  of  breccia  east  of 
the  Otter-mouth  might  seem  to  militate  against  the  beds  being 
Upper  Bunter,  but  not  really  so,  since  Prof.  Hull  has  described  a 
sinular  case  in  the  beds  of  that  sub-formation  at  Stourport/  While 
recasting  this  paper,  I  have  received  from  the  Rev.  Dr.  Dixon '  a 
specimen  of  a  breccia  from  the  east  side  of  the  Otter  at  Harpford, 
so  closely  resembling  that  which  I  have  accepted  for  the  base  of  the 
Eeuper  on  the  east  bank  of  the  Sid  that  I  am  inclined  to  attach 
great  importance  to  it,  as  tending  to  settle  this  moot-point  for  the 
country  to  the  east  of  the  Otter.  At  the  same  time  we  must  not 
overlook  the  fact  of  the  frequent  occurrence  of  fragments  (angular 
-  and  rounded)  of  red  marl  in  the  sandstones,  which  agrees  with  my 
own  observations  of  the  Bunter  (in  former  years  and  again  during 
the  past  summer)  in  the  North  Midlands,  and  with  the  remark  of 
Credner  that  they  are  a  quite  characteristic  peculiarity  of  the 
Bunter  Sandstone.^ 

Dr.  Johnston-Lavis  describes  the  rock-zone,  in  which  he  found 
Lab^-rinthodont  remains,  as  consisting  of  a  *'  much  coarser  sand- 
stone containing  here  and  there  masses  of  marl,"  ^  a  very  Bunter- 
like  character  indeed. 

As  to  the  occurrence  of  pseudomorphs  after  rock-salt  noted  by 
Mr.  G.  W.  Ormerod  in  these  beds  (and  quoted  by  Mr.  Whi taker  °),  as 
evidence  of  a  Eeuper  horizon,  this  proves  nothing  at  all,  since, 
as  Dr.  Credner  remarks,  "  very  frequently  the  bedding-planes  of  the 
thinly- stratified  marly  sandstones  of  the  Upper  Bunter  are  covered 
with  cubic  pseudomorphs  after  crystals  of  rock-salt,"''  at  (e.g.) 
Waltershausen  and  the  Singer  Berg,  in  the  Thiiringerwald,  and 
in  Franconia. 

The    diagnosis  of    the  *  Upper  Sandstones,'  which  Mr.  Ussher 

^  Op.  et  loc,  cit. :  *  Ganz  eigenthiimlich  let  die  Haufigkeit  yod  Fahrten  gewiaser 
Ampmbien  in  dem  BuDtsanOBteine.' 

"  Mem.  Geol.  Surv.  supra  cit.  p.  62. 

■  Formerly  a  Fellow  of  this  Society. 

^  *  Elemente  der  Geologie/  6th  ed.  (1887)  p.  542 :  '  Die  SandsteiDO  imi- 
schliessen  so  haufig  rundlicbe  oder  eckige  Fartieen  von  Thon  (Thongallen),  daaa 
diese  als  eine  ganz  charakteristische  Eigenthiimlichkeit  des  Bunten  8andBteine» 
su  betrachten  sind.' 

'  Quart.  Joum.  Geol.  Soc.  toI.  xxxii.  (1876)  p.  277. 

•  Ibid,  Tol.  XXV.  (1869)  p.  157. 

'  •  Elemente  der  Geologie/  6th  ed.  (1887)  p.  543 :  'Selir  haufig  .  .  .  sind  die 
Schicbtungsflachen  der  diinngescbichteten,  mergeligen  Sandsteine  des  oberen 
JBuntsandsteines  von  wiirfeligen  Pseudomorphosen  nach  Steinsalz  bedeckt.' 
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has  given  in  bis  valuable  paper  in  tbis  Journal/  as  tbey  are 
developed  across  tbe  country  between  Watcbet  and  tbe  south 
coast,  and  bis  further  description  of  them^  with  their  varie- 
gated colouring,  their  *'  pockets  of  red  day,"  their  lenticular  bands 
of  marl,  their  occasional  assumption  of  a  strongly  calcareous 
character,  their  frequent  current-bedding,  and  tbe  occurrence  of  a 
conglomerate  in  the  sandstone  at.  Minebead,  point  in  the  aggregate 
to  Strang  affinities  with  the  Upper  Bunter  of  Oermany,  with  its 
shales,  days,  and  marls,  its  occasional  conglomeratic  beds,  its  changes 
of  colour  following  the  stratification,  its  interstratified  calcareous, 
dolomitic,  and  marly  strata  (occasionally  fossiliferous)/  The 
frequently  micaceorus  character  of  these  coarse  sandstones  (which 
I  have  recently  observed)  is  another  important  point  of  agreement 
between  these  beds  and  the  Upper  Bunter  of  Germany,  which 
Dr.  Crcdner  describes  as  rich  in  mica  (glimmerreich)  wherever  tbe 
sandstone /ocieff  is  well  developed/ 

Lastly,  Mr.  Yicary,  of  Exeter,  has  recently  drawn  the  attention  of 
Prof.  Hull  and  myself  to  the  fact  that  the  grains  of  tbe  sands  above 
tbe  great  Pebble-bed  are  generally  very  angular,  and  in  a  note  to  me 
he  mentions  the  mouth  of  the  Otter,  Ottery,  and  Kentisbear,  as  loca- 
lities where  tbis  is  observed.  Under  the  microscope  this  angularity 
seems  to  be  largely  due  to  a  deposit  of  secondary  quartz,  partly 
as  siliceous  cement  of  the  grains,  sometimes  as  exceedingly  well- 
defined  pyramidal  crystals  upon  them.  This  is  a  striking  point  of 
similarity  between  these  beds  and  the  German  Buntsandstein,  of 
which  Dr.  Credner  notes  that  *^  the  siliceous  cement  forms  at  times 
minute  clear  quartz-cr}^8tals  upon  the  surfaces  of  the  roundish 
grains  of  quartz  " ;"  and  agaiu,  ^'  infiltrated  silica  is  often  deposited 
upon  the  quartz-grains,  and  quartz-crystals  have  formed  around 
them.  Such  crystalline-quartz  sandstones  are  distributed  in  Thu- 
ringia,  in  the  Black  Forest,  and  in  the  Yosges." ' 

For  comparison  I  have  examined  samples  of  the  Bunter  sand 
from  Nottingham  Forest  and  from  Bramcote,  Notts.  Tbe  litbo- 
logical  resemblance  of  these  in  the  presence  of  mica  and  of  secondar}' 
quartz,  and  in  other  respects,  with  the  beds  which  I  have  ventured 
to  assign  to  the  Upper  Bunter  in  Devon  is  remarkable. 

For  the  reasons  here  given,  I  adhere,  then,  to  my  previous  reading 
of  the  sandst<one  series  (the  'Upper  Sandstones'  in  part  of  Mr.  Ussber) 
which  crop  out  at  the  foot  of  High  Peake,  and  are  continued  to  the 
mouth  of  the  Otter ;  and  I  do  this  with  tbe  more  confidence,  from 
tbe  advantage  I  have  had,  during  the  past  summer,  of  inspecting 
many  sections  of  them  inland  in  company  with  Prof.  Hull. 

»  Vol.  xxxii.  (1876)  p.  878. 

•  Ibid.  p.  380. 

*  See  Credner,  *  Elemente  der  Geologie/  6th  ed.  (1887)  pp.  645,  546. 

*  Ibid.  p.  545  ;  see  also  p.  546  for  localities  where  this  micaceous  cbaraoter 
is  very  marked. 

'  Ibid.  p.  541 :  '  Das  kieselige  Zement  bildet  zuweilen  winzige  wasserbelle 
QuarzkiTBtallchen  auf  der  Oberflacfae  der  rimdlicben  Quarzkornchen.' 

•  Ibid.  p.  542. 
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II.  The  Permian  Age  of  the  '  Lower  Red  Saitdstones  ' 
.  OP  Devon. 

The  roughly-bedded  breccias  east  of  the  Exe  {e.  g.  at  East  Won- 
ford,  near  Heavitree)  form  a  good  base  from  wMch  to  work  the 
sandstone  series,  and  the  breccias  are  seen  to  pass  into  the 
sandstones  by  concordance  of  dip  and  by  their  recurrence  in  the 
sandstones  at  higher  horizons,  as,  e.  g,,  at  Bishop's  Clist,  where  two 
brecciat'Cd  beds,  each  2  to  3  feet  thick,  are  seen  in  the  roadside 
ascending  the  hill  east  of  the  Clist,  interstratified  with  strongly 
current-bedded  sandstones.^ 

In  the  pit  at  Sandy  Gat«,  nearly  a  quarter  of  a  mile  west  of  the 
Clist,  a  similar  dip  is  maintained.  The  only  indication  of  the  dip  is 
the  occurrence  of  irregular  irony  bands,  the  sandstones  being  so 
strongly  current-bedded  as  otherwise  to  disguise  the  dip.  The 
western  face  of  the  pit  shows  a  vertical  wall  of  rock  90  feet  high. 
The  sandstones  are  of  an  uniformly  deep  red  colour. 

In  the  coast-section  east  of  Exmouth  the  laminated  marly  sand- 
stones come  on  at  first  very  feebly  between  the  massive  sandstones, 
lying,  according  to  Mr.  Pengelly, '  conformablg  on  the  breccias  just 
outside  Exmouth.  These  develope  into  massive  and  shaly  beds  of 
marl,  in  the  upward  succession,  gradually  increasing  in  proportion 
to  the  sandstones,  until  the  marls  supersede  the  sandstones  alto- 
gether, and  form  a  continuous  deposit  several  huadred  feet  in  thick- 
ness (500  according  to  Mr.  TJssher),  as  they  are  seen,  quite  of  the 
Permian  type  of  the  Midlands,  passing  under  the  Budleigh  Salterton 
Pebble-bed  in  the  sea-cliff.  Similarly,  the  sandstones  are  at  first 
feebly  developed  between  the  breccias  from  Petitor  to  Dawlish, 
showing  a  passage  from  the  breccias  into  the  sandstones,  just  as  the 
sandstones  graduate  upwards  into  the  marls.  In  spite  of  the  some- 
what Bunter  facies  of  some  of  the  sandstones,  as  they  are  seen 
in  the  coast-section  and  in  road-sections  inland  (which  may  be 
accounted  for  by  some  leaching-out  of  the  irony  colouring  material), 
they  do  not  seem  to  have  that  character  in  such  fresh  sections  as 
that  at  Sandy  Gate ;  and  for  the  reasons  given  above  the  difficulty 
of  recognizing  them  as  Permian  is  trifling,  as  compared  with  that 
which  we  have  to  face  if  we  regard  the  marls  (described  above  and 
in  my  former  paper)  as  an  abnormal  development  of  Lower  Bunter. 
The  Sandstone-Marl  scries  of  Devon  seems  to  correspond  very  well 
with  the  Lower  Permian  of  the  Yale  of  Eden  and  the  country  north 
of  the  Solway ;  while  they  are  evidently  connected  with  the 
breccias  west  of  the  Exe  by  a  steady  transition,  and  with  them 
answer  remarkably  to  the  description  given  by  Sir  Archibald  Gcikie ' 
of  the  more  prevalent/act€«  of  the  Permian,  as  well  as  to  that  given 

^  Mr.  Whitaker,  '  Oil  the  Succession  of  the  Beds  of  the  New  Red  on  the 
South  Coast  of  Devon,*  Quart  Joum.  Geol.  Soc.  vol.  xxv.  (1869)  p.  164,  has 
noted  a  similar  recurrence  of  the  breccias  in  a  thin  bed  at  Straight  Point  on 
the  coast. 

"  Quoted  by  Mr.  Whitaker,  loc.  cit. 

'  *  Text-book  of  Geologj*,*  pp.  750,  751. 
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by  Dr.  Credner  ^  of  the  Kothliegendee.  Ht.  Credner  emphasizes  the 
presence  of  such  hard  interbedded  shales  as  indicatmg  Rothliegendes 
character  and  age.  His  words  are; — "Die  Schieferletten  oder 
Eothelschiefer,  ein  blut-  bis  briiunlichrother,  sehr  eisenoxydreicher 
Schieferthon  (= shale),  ist  ein  fiir  das  Eothliegende  ganz  besonders 
eharaJcteristisches  Gestein  nnd  tritt  in  oft  miichtigen  Zwischenlager- 
nngen  zwischen  den  Konglomeraten  und  Sandsteinen  auf ."  * 

The  fact,  moreover,  that  some  of  the  sandstones  have  a  Bunter 
fades  is  paralleled  in  other  parts  of  England.  Thus  Mr.  Fox- 
Strangways  speaks  of  the  so-called  ^Middle  Marl'  (between  the 
Upper  and  Lower  Magnesian  LimestoDe)  as  consisting  of  "  red  marls 
and  soft  red  sandstone,  which  in  some  sections  is  excessively  like 
that  of  Triassic  age."  ^  Bat  the  position  of  these  beds  in  relation  to 
the  limestones  leaves  no  doubt  as  to  their  Permian  age.  Further, 
there  seems  to  be  a  close  resemblance  between  the  sandstones  inter- 
stratified  with  the  Lower  Marls  of  Devon  and  the  1500  feet  of  soft 
red  or  variegated  sandstones  of  CoUyhurst  and  Stockport,  described 
by  the  late  Mr.  Binney  in  various  papers  read  at  Manchester  in  the 
years  1841  to  1862.  On  the  other  hand  the  occurrence  of  hundreds 
of  feet  of  purple-red  marl  of  a  distinctly  Permian  type  below  the  great 
Pebble-bed  in  Devon  would  be  (though  a  normal  Permian  feature)  an 
altogether  abnormal  feature  of  the  Lower  Bunter,  as  compared  with 
the  uniform  development  of  sandstones  of  that  division  in  the  Mid- 
land counties  and  in  the  Severn  country.* 

Li  his  paper  ^  On  the  Chronological  Value  of  the  Triassic  Strata 
of  the  South-western  Counties '  *  Mr.  TJssher  points  out  (p.  466)  that 
of  the  850  feet,  which  he  assigns  to  the  sandstones  and  marls 
between  the  breccia-series  and  the  great  Pebble-bed,  the  lower 
portion  '*  may  be  regarded  as  a  passage-series  [from  the  marls, 
which  he  estimates  at  500  feet]  into  the  lowest  division'*  [the 
breccias].  He  also  states  (Zoc.  cit,)  that  he  "  traced,  between  Thorn 
St.  Margaret  and  Wiveliscombe,  in  very  clear  sections,  a  downward 
passage  from  the  Lower  Marls  through  an  intercalated  series  of  marls 
and  clays  with  beds  of  sand,  the  latter  predominating  downwards, 
into  the  sandstones  generally  representing  the  basement-beds  in  that 
neighbourhood."  Another  remark  of  Mr.  TJssher  {he.  cit,)  that*'  in 
their  northerly  extension  these  beds  gradually  attenuate  ;  and  they 
[the  850  feet  of  sandstones  and  marls]  do  not  probably  exceed  200 
feet,  taken  together,  to  the  north  of  Thorn  St.  Margaret,"  gives,  I 
think,  strong  support  to  the  evidence  of  the  UDConformity  at  the 
base  of  the  great  Pebble-bed  for  which  I  contended  in  my  former 
paper.  Prof.  Hull  *  describes  a  similar  instance  of  the  attenuation 
of  the  Permian  Series  in  the  Severn  country,  from  1500  feet  of 

^  *  Elemente  der  Geologie/  6th  ed.  (1887)  pp.  60^-511. 

*  Ibid.  p.  510. 

»  Mem.  GeoL  Surr.  (1873)  '  Geology  of  the  Country  North  and  East  of  Har- 
roeate,'  p.  11. 

^  See  Hull,  Mem.  Geol  Surv.  (1869)  '  Triaasio  and  Permian  Books  of  the 
Midland  Counties/  chap.  v.  pp.  32-44. 

*  Quart.  Joum.  Gheol.  Soc.  vol.  xxxiv.  (1878)  pp.  469  et  seq, 

*  '  Triassic  and  Permian  Bocks/  &c.  p.  32. 
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Lower  Permian  Marls  at  Enville  to  1000  feet  at  Bridgenorth,  and  a 
few  feet  only  at  Stockton,  six  miles  farther  north. 

There  is  one  more  point,  and  that  a  lithological  one,  for  which  I 
am  ^indebted  to  the  Rev.  W.  Vicary,  of  Exeter.  He  informed  Prof. 
Hull  and  myself  that  the  sandstones  west  of,  and  therefore  stratigra- 
phically  below,  the  great  Pebble-bed  are,  so  far  as  his  observations 
served,  uniformly  made  up  ot  rounded  grains,  which  marks  an  impor- 
tant distinction  between  them  and  the  sandstones  above  the  Pebble- 
bed,  as  described  above.  He  mentions  (in  a  note  addressed  to  me) 
Exmouth,  Topsham,  Exminster,  Clist  St.  Mary,  and  Broad  Clist  as 
localities  where  the  grains  are  all,  or  nearly  all,  rounded.  The 
specimen  which  he  sent  me  from  one  of  these  localities  agrees  re- 
markably in  this  respect  with  two  others  which  I  have  since  received 
from  my  friend  the  Rev.  Dr.  Robert  Dixon,  Vicar  of  Aylesbeare, 
who,  at  my  request,  obtained  them  from  the  road-section  at  Bishop's 
Clist  and  from  the  pit  at  Sandy  Gate.  The  grains  from  the  latter 
place  are  smaller  than  those  from  the  former,  where  they  are  asso- 
ciated with  breccia-beds,  but  in  both  cases  the  grains  are  remarkably 
and  nearly  uniformly  round. 

For  the  reasons  here  given  I  must  request  Prof.  Hull  to  allow  me 
to  adhere  to  the  view  put  forward  in  my  previous  paper,^  as  to  the 
**  lower  sandstones  "  being  *'  merely  the  transitional  assortment  of 
materials  between  the  breccias  and  the  marls/'  and  of  Permian  age, 
I  am  inclined,  however,  on  further  consideration  of  the  subject,  and 
from  recent  inspection  of  sections  inland,  to  qualify  the  statement 
on  p.  157  of  my  paper,  that  the  sandstones  '*  form  apparently  an 
upward  extension  of  the  more  uniformly  brecciated  series,"  and  to 
regard  the  sandstones  as  (in  part  at  least)  parallel  with  the  breccias, 
the  two  passing  horizontally  into  one  another  and  having  the  same 
stratigraphical  relation  as  the  Penrith  Sandstone  has  been  shown  by 
Mr.  J.  6.  Goodchild  to  bear  to  the  Brockram ;  ^  and  as  in  Centred 
Gennany  the  Ober-Rothliegende  Conglomerates  (Geinitz)  bear  to  the 
Lower  and  Middle  Zechstein,  the  two  visibly  overlying  the  Lower 
Rothliegendes,  as,  for  example,  in  the  hills  about  the  Wartburg. 

It  follows  that  the  break  between  the  Permian  and  Trias  of  Devon 
is  marked  by  the  absence  of  the  Lower  Bunter  of  the  Midlands  and 
the  Severn  country,  as  that  between  the  Bunter  and  Keuper  is 
marked  by  the  absence  of  Upper  Bunter  in  the  Nottinghamshire 
area ;  thus  presenting  a  parallel  case  to  those  which  Prof.  Hull  has 
described  on  the  southern  flank  of  the  Clent  Hills,'  at  the  Logger- 
heads ;  *  again  about  Manchester  and  Stockport,  where  the  Pebble- 
beds  form  the  base  of  the  Triassic  Series ;  *  and  in  the  districts 
mentioned  in  Shropshire,  Staffordshire,  and  Derbyshire.®  Parallel 
instances  of  the  failure  of  the  Lower  Bunter  are  also  met  with  in 

1  Quart.  Journ.  Geol.  Soo.  vol.  xliv.  (1888)  p.  160. 

^  See  my  paper  '  On  the  Classificatiou  of  the  European  Bocks  known  as 
Permian  and  Trias/  Geol.  Mag.  for  1882,  p.  223. 
^  '  Triassic  and  Permian  Rocks/  &c.  p.  17,  fig.  4. 
*  Ihid.  p.  25,  fig.  5.  '  Ibid.  p.  41. 

«  Ibid.  pp.  48,  49,  59. 
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some  parts  of  Germany,  e.  g.  in  Eastern  Thuringia  and  on  the  south- 
east of  the  Elack  Forest.^ 

[It  may  be  well  to  draw  attention  here  to  a  recent  paper*  by 
Dr.  H.  B.  Geinitz^  of  Dresden^  on  the  Permian  fauna  (represented  by 
16  species)  and  the  flora  (3  species)  found  in  a  '<  series  of  rocks  con- 
sisting for  the  most  part  of  red  shaly  marls  of  various  colours,  with 
which  red,  often  very  ferruginous,  sandstones  and  conglomerates, 
and  even  thin  layers  and  nodules  (Knollen)  of  dolomitic  limestone, 
are  interstratified  (wechseln)."  ^  On  these  fossil  remains  the 
author  remarks :  '*  The  assemblage  of  the  fossil  remains  refers 
this  group  of  variegated  marls  (der  bunten  Mergel)  to  the  Upper 
Zechstein  or  '  Upper  Magnesian  Limestone,'  which  is  here  replaced 
{vertreten  u;irrf)"*  by  the  marls,  shales  {Schi(ferthon\  and  sand- 
stones, &c.,  as  described  above. 

May  not  the  sandstones  and  marls  below  the  Pebhle-bed  equally 
reward  the  minute  scrutiny  of  local  geologists  ? — (Dec.  22,  1891.)] 


lU.  Thb  Aos  op  the  Breccias. 

All  we  can  say  of  them  with  certainty  is  that  they  are  post-Car- 
boniferous in  the  Permian  sense.  It  has  been  suggested  to  me  by 
Mr.  Jukes-Browne  that,  if  Permian,  they  must  be  late  Permian, 
because  they  contain  fragments  of  the  igneous  rocks  of  South  Devon, 
which  are  intrusive  in  the  Carboniferous  of  that  region,  and  there- 
fore younger  than  that  series.  We  need  probably  a  good  deal  more 
field-work  to  determine  definitely  the  true  relation  of  the  intrusive 
fekpathic  igneous  rocks  of  the  district  to  the  breccias  before  we  can 
feel  quite  satisfied  with  the  evidence  this  may  afford.  The  argument 
here  referred  to  was  advanced  in  former  years  to  prove  the  Triassic 
age  of  the  breccias  by  Mr.  Pengelly.  My  own  acquaintance  with 
them  is  insufficient  to  warrant  me  in  doing  more  than  make  the 
suggestion  that  in  the  Crediton  Valley  at  least  we  seem  to  have 
true  volcanic  agglomerates,  indicative  of  contemporaneous  volcanic 
action.  But  we  are  here  confronted  with  the  wider  question,  as  to 
the  vertical  range  of  the  Carboniferous,  which  is  represented  by  the 
anomalous  South  Devon  series.     On  this  point  Mr.  Etheridge  has 

remarked  : — "  South  of  the  Mendips we  enter  quite  a  different 

local  series  of  Carboniferous  beds,  with  little  coal  and  little  lime- 
stone ;  a  series  as  unlike  the  great  Carboniferous  series  of  the  other 
side  of  the  Bristol  Channel,  in  South  Wales,  as  is  the  Devonian  type 
of  Old  Bed  Sandstone  of  Devon  to  the  Old  Bed  of  Breconshire  and 
Scotland."  '  So  far  as  I  know,  there  is  no  evidence  to  show  that 
the  younger  Carboniferous  rocks  (including  at  least  the  whole  of  the 
Coal  Measures)  are  represented  in  Devon  at  all.  If,  then,  none  of 
the  Devon  Carboniferous  are  younger  than  the  Millstone  Grit  of  the 

^  CredDer,  *  Elemente  der  Geologic/  fitb  ed.  (1887)  loc.  tupra  cii. 
^  *  Ueber  die  rothen  und  bunten  Mergel  der  oberen  Dyas  bei  Manchester/ 
Naturwimenschaftl.  Gesellsch.  Jsis  in  Dresden.  1889. 
'  Op.  cU.  p.  1.  *  Loc,  cU.  p.  9. 

fi  *  KJtratigraphioal  Geology '  (PhiUips's  Manual,  1885  ed.),  p.  220. 
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typical  areas,  we  surely  have  an  ample  time-interval  in  that  long 
period,  to  which  the  Coal  Measures  testify,  hoth  by  their  thick- 
ness and  their  genesis,  for  all  the  phenomena  which  have  been 
observed  in  connexion  with  the  great  Dartmoor  upheaval  and  its 
associated  intrusive  series.  For  aught  we  know,  the  time-interval 
represented  by  the  great  unconformity  at  the  base  of  the  Permians 
of  the  North  of  England  may  be  only  a  portion  of  that  time  which 
is  represented  in  Devon.  If  this  be  so,  there  would  seem  to  remain 
no  valid  reason  why  the  great  Breccia-sandstone  series  of  the  Devon 
Ked  Rocks  should  not  be  the  true  equivalents  of  the  Lower  Koth- 
liegendes  both  in  time  and  position  in  the  sequence.  It  is  even 
possible  that  those  portions  of  them  which  filled  up  the  fiords  and 
creeks  of  the  more  ancient  '  Devonian  *  land  (e.  g,  at  Babbacombe 
Bay)  may  be  even  older  than  the  Rothliegendes  of  some  districts, 
where  it  lies  unconformably  upon  the  Carboniferous  coal-bearing 
strata  of  Central  Europe. 

On  the  other  hand,  it  is  by  no  means  certain  that  the  igneous 
rocks  associat-ed  with  the  breccias  are  older  than  they.  Prof.  Hull 
has  reminded  me  that  "  the  contemporaneous  volcanic  rocks  of  the 
breccias,  so  well  described  by  De  la  Beche,  are  strong  evidence  of  the 
Permian  age  of  these  beds ; "  and  what  I  have  seen  in  the  field, 
particularly  in  the  Crediton  Valley,  referred  to  in  my  1888  paper 
(p.  159),  points  to  the  existence  of  true  volcanic  agglomerates 
forming  locally  integral  portions  of  the  Breccia  series. 

Contemporaneous  volcanic  action  being  unknown  in  the  British 
Trias,  as  it  is  altogether  unknown  in  the  Trias  of  Germany,  such  an 
occurrence  of  volcanic  activity  in  the  Trias  of  Devon  would  be  alto- 
gether abnormal,  except  for  the  Alpine  Trias,  which  presents  a  totally 
different  fcicies  from  the  Trias  of  Germany  and  Britain.  In  the 
absence  of  evidence  derived  from  fossil  remains  in  the  Breccia  Series 
of  Devon,  we  have  to  rely  mainly  upon  their  strong  lithological 
resemblance  to  the  Permian  breccias  of  the  Western  Midland 
counties  and  to  the  German  Rothliegendes,  upon  which  I  laid  par- 
ticular stress  in  my  former  paper. 

The  argument  from  this  is  seen  to  be  considerably  strengthened 
by  any  evidence  of  contemporaneous  volcanic  activity  in  the  Devon 
series,  which  is  paralleled  by  that  met  with  in  the  Permians  of 
Ayrshire  and  of  the  country  north  of  the  Solway  ;  while  in  Germany 
(in  Thuringia,  in  Saxony,  in  the  Harz  region,  in  the  region  south  of 
the  Hunsriick,  in  the  Odenwald,  in  Silesia,  in  North-eastern  Bo- 
hemia, in  the  Black  Forest,  and  in  other  localities)  such  igneous 
rocks  as  quartz-porphyry,  granite-porphyry,  palatinite,  porphyrite, 
and  .melaphyre,  with  their  associated  tuffs  and  breccias,  are  so 
commonly  interstratified  with,  or  intrusive  in,  the  sedimentary 
rocks  of  the  Rothliegendes,  as  tx)  present  quite  a  special  feature  of 
that  formation,  where  the  age  of  these  sedimentary  rocks  is  abund- 
antly proved  by  their  fossil  remains. 

The  association  in  places  of  manganese  ores  with  the  breccias  of 
Devon  is  another  point  of  resemblanco  between  them  and  the  Roth- 
liegendes, in  which  these  ores  are  worked  at  several  localities. 
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notably  in  Thuringia  and  in  the  Harz.^  So  general  is  the  occur- 
rence  of  contemporaneous  igneous  rocks  in  the  Rothliegendes  that 
Kaumann  long  ago  divided  that  formation  into  the  three  stages  of 
**  anteporphyritic,  porphyritic,  and  post-porphyritic."  * 

I  have  only  to  add  that  it  is  a  matter  of  the  greatest  gratification 
to  me  that  my  assignment  of  the  Breccia  Series  of  Devon  to  the 
Permian,  for  reasons  given  in  this  and  my  former  paper,  is  confirmed 
by  the  judgment  of  so  competent  an  authority  as  Prof.  Hull,  after 
examination  of  them  in  the  field. 

DiBCTJSSION. 

Mr.  H.  B.  Woodward  remarked  that,  if  the  Authors  had  more 
fully  studied  the  literature  of  the  subject,  their  papers  (by  no  means 
long)  would  have  been  considerably  curtailed.  The  chief  point  of 
interest  was  Prof.  Hull's  opinion  on  the  correlation  of  the  Devon- 
shire deposits  with  those  of  the  Midland  counties.  Couceming  the 
identification  of  beds  by  lithological  characters,  he  observed  that  the 
Lower  Breccias  of  Devonshire  varied  according  to  the  nature  of  the 
bordering  rocks  from  which  they  were  derived.  In  places,  too,  they 
included  beds  of  limestone-conglomerate  resembling  the  Dolomitic 
Conglomerate  of  the  Mendips  and  the  ^  Brockram '  of  Westmorland. 
Correlation  by  lithological  characters  was  the  more  hazardotis,  if,  as 
Prof.  Hull  had  stated,  there  was  a  great  barrier  of  old  rocks  sepa- 
rating the  Midland  area  from  that  of  Devonshire.  He  asked  if  there 
was  any  positive  evidence  that  the  breccias  of  Shropshire  and 
Worcestershire  were  Permian  ?  He  saw  no  objection  to  the  lower 
beds  in  Devonshire  being  of  Permian  age — the  subject  had  been 
discussed  again  and  again  ;  but  at  present  there  was  no  actual  proof 
that  this  was  the  case,  and  no  fresh  facts  had  been  advanced  by  the 
Authors.  If  their  classification  of  the  rocks  was  correct,  then  it 
furnished  an  additional  argument  in  favour  of  the  view  that  our 
Permian  and  Triassio  rocks  formed  one  great  Poikilitic  Series. 

Mr.  HuDLBSTON  considered  that  it  might  be  necessary  in  some 
cases  to  recapitulate  evidence  already  adduced  in  support,  for 
instance,  of  such  a  view  as  the  probable  Permian  age  of  the 
breccias  at  the  base  of  the  Bed  Bocks.  I'he  inference  drawn  by  the 
Authors  from  the  abundance  of  contemporary  volcanic  material 
seemed  a  fair  one ;  and  the  Devonshire  geologists  had  been  accu- 
mulating a  considerable  mass  of  evidence  in  the  same  direction, 
though  their  interpretation  might  not  be  the  same.  We  had  been 
told  that  the  Bed  Bocks  were  one  series,  and  when  the  speaker  first 
became  acquainted  with  Devonshire  geology  the  whole  was  regarded 
as  of  Keuper  age  by  great  authorities.  He  very  much  wished  that 
some  one  would  enlighten  him  as  to  the  grounds  for  this  assumption. 

^  Credner,  *£lemente  der  Geolo^e/  6th  ed  (1887)  pp.  514-521. 

^  See  Appendix  to  Dr.  H.  B.  &initz*s  '  Zur  Dyas  m  Hessen/  Festeohr.  des 
Yer.  fiir  Katurk.  zu  Caasel,  1886 ;  see  also  reference  to  letter  from  Geinitz  in 
the  Authors  paper  on  '  the  Permian-Trias  Question,'  in  GeoL  Maif^.  for  1884, 
pp.  321  et  teq. 
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Mr.  ToPLET  agreed  with  Mr.  Woodward  in  thinking  that  little  new 
light  had  now  heen  thrown  on  the  subject  of  the  classification  of  the 
Red  Eocks  in  the  S.W.  of  England.  No  doubt  the  reason  for  classing 
the  lower  beds  and  contemporaneous  porphyrites,  &c.y  as  Trias  had 
been  that  there  was  a  continuous  sequence  downwards  from  un- 
doubted Eeuper.  Perhaps  here,  as  probably  also  in  the  N.W.  of 
England,  the  whole  set  of  Red  Rocks  forms  one  series,  and  any  sub- 
division made  in  them  must  be  artificial,  though  no  doubt  convenient. 
He  would  be  glad  if  the  lower  set  of  beds  could  be  removed  from  the 
Trias  and  classed  with  the  Permian.  This  seemed  a  reasonable 
suggestion ;  it  would  also  harmonize  the  distribution  of  the  igneous 
rocks  with  what  occurs  in  Scotland.  He  could  not,  however,  admit 
that  this  was  a  conclusive  proof  of  their  Permian  age.  The  existence 
of  contemporaneous  igneous  rocks  in  the  lower  scries  had  long  been 
known ;  so,  too,  had  the  occurrence  of  fragments  of  Dartmoor  granite. 
He  did  not  believe  that  much  weight  should  be  allowed  to  litho- 
logical  similarities  or  differences  in  correlating  these  beds  with 
those  of  other  areas.  In  Staffordshire  the  '  Pebble-beds '  were  well 
known  as  forming  thick  beds  of  coarse  conglomerate ;  but  near 
Liverpool  these  beds  were  mainly  sandstone,  and  throughout  the 
Mersey  Tunnel  no  pebble,  even  as  large  as  a  pea,  had  been  noticed. 
At  the  deep  boring  for  the  Wolverhampton  Waterworks  a  thick  bed 
of  marl  hVd  been  found  in  the  middle  of  the  Pebble-beds,  although 
no  such  bed  occurred  along  the  outcrop. 

Prof.  BoTD  Dawkins  remarked  that  in  his  opinion  there  was  clear 
evidence  of  an  overlap,  and  therefore  of  a  brea^  in  the  section  at  the 
point  where  the  strata  were  covered  by  the  Budleigh  Salterton 
Pebble-beds,  and  he  believed  that  the  break  between  the  older  beds 
and  the  Triassic  strata  was  at  this  point.  From  the  correspondence 
between  this  section  and  those  of  Lancashire  and  Middle  England, 
he  had  little  doubt  but  that  the  Lower  Red  Rocks  were  Permian, 
although  the  fact  could  not  be  accepted  as  proved  without  pals&on to- 
logical  evidence.  He  did  not  believe  that  the  Red  Rocks  presented 
a  complete  series  without  break  in  any  part  of  the  British  Isles. 
In  Lancashire  and  Staffordshire  the  Permian  strata  are  so  marked  off 
from  the  Trias  that  in  the  Survey  maps  they  are  defined  by  faults  of 
great  magnitude;  while,  at  least  in  the  neighbourhood  of  Manchester, 
they  in  part  represent  a  junction  by  overlap. 

The  President  mentioned  that  when,  some  twenty-five  years  ago, 
he  found  the  remains  of  a  group  of  Permian  voleanoes  in  tibie  South- 
west of  Scotland,  he  consulted  his  colleague.  Sir  Andrew  C.  Ramsay, 
as  to  whether  the  contemporaneous  volcanic  rocks  described  by 
De  la  Beche  in  the  New  Red  Sandstone  of  Devonshire  might  not  be 
Permian.  But  at  that  time  no  evidence  had  been  given  to  warrant 
the  separation  of  the  Red  Rocks  of  Devonshire  into  two  series,  and  he 
accepted  the  general  opinion,  though  he  would  have  been  glad  to 
place  the  volcanic  relics  of  the  two  regions  on  the  same  geological 
horizon.  He  had  since  then  examined  the  coast-fiections  between 
Torquay  and  Sidmouth,  which  had  been  so  well  and  so  often  de- 
scribed.    He  was  quite  willing  to  regard  the  older  portion  of  the 
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Ked  Bocks  as  Permian,  but  it  did  not  seem  to  him  that  the  Authors 
had  brought  forward  any  fresh  evidence  to  enable  a  definite  judg- 
ment to  be  given  on  the  question. 

Prof.  Hull  reminded  Mr.  Woodward  that  the  determination  of 
the  Permian  age  of  the  Breccias  and  associated  strata  in  the  Midlands 
aud  the  West  of  England  had  been  arrived  at  by  the  Geological 
Survey  after  years  of  careful  investigation,  in  which  the  late  Birector- 
Oeneral,  Sir  Andrew  Ramsay,  took  a  leading  part ;  and  remarked 
that  if  he  was  sceptical  as  regards  the  geological  age  of  these  rocks, 
it  was  not  surprising  that  he  should  be  so  as  regards  their  repre- 
Bentatives  in  Devonshire. 

Eeplying  to  the  general  observation  that  the  Bed  Eocks  of  South 
Devon  appeared  to  be  a  continuous  series,  he  reminded  the  speakers 
that  apparent  consecutiveness  or  conformity  of  stratification  did  not 
necessarily  imply  continuity  of  deposition;  of  this  we  had  an 
example  in  the  case  of  the  Cretaceous  and  Eocene  limestones  of 
Egypt  and  Palestine,  which,  although  conformable  over  large  areas, 
were  really  separated  by  a  wide  gap  in  time,  as  the  whole  of  the 
species  (as  stated  by  Zittel)  were  different  in  these  two  sets  of 
calcareous  strata. 

In  conclusion,  Prof.  Hull  maintained  that  the  evidence  for  the 
Permian  age  of  the  Lower  Breccias  of  Devonshire  was  cumulative, 
and,  strengthened  by  the  existence  in  them  of  contemporaneous 
volcanic  rocks,  quite  unknown  in  the  Trias  of  Britain,  was  sufficiently 
strong  to  carry  conviction  to  his  own  mind.  As  regards  the  question 
in  which  there  was  a  little  difference  of  opinion  between  himself 
and  Dr.  Irving,  viz.  the  relations  of  the  Exmouth  beds  under  the 
Budleigh  Conglomerate,  that  was  of  secondary  importance,  as  this 
Conglomerate  might  very  well  form  the  base  of  the  Bunter  Sandstone, 
as  it  does  in  Staffordshire  and  other  parts  of  Central  England  ;  and 
he  hoped  that  the  point  would  be  determined  by  careful  mapping  of 
each  individual  set  of  beds  in  the  field. 

The  Bev.  A.  Ibvino  remarked  of  the  discussion,  that  many  of  the 
critidsms  were  based  on  negative  reasoning,  and  ignored  a  g^reat 
deal  of  positive  evidence,  which  he  had  put  forward  in  previous  papers 
on  the  Bed  Bock  Series ;  that  it  was  waste  of  time  to  find  fault  with 
nature  because  these  leaves  of  her  great  stone-book  were  palaoonto- 
logical  blanks ;  that  the  double  principle  of  lithological  similarity 
and  comparative  reasoning  had  been  somewhat  lost  sight  of  by 
several  speakers  (the  latter,  for  instance,  in  the  evidence  derived 
from  contemporaneous  igneous  rocks  in  the  breccias,  being  almost 
unique  in  its  cogency  in  this  case) ;  that  he  had  been  rather  amused 
to  &id  the  old  ^  Poikilitic '  error  of  continuity  of  sequence  (which 
he  had  himself  fallen  into  in  former  years,  and  recanted,  after  more 
extensive  work  in  the  field  in  England  and  Germany)  cropping  up 
again.  He  was  happy  to  find  that  Prof.  Boyd  Dawkms's  view  as  to 
the  evidence  of  a  distinct  break  in  the  series  at  the  base  of  the 
Pebble-bed,  by  comparison  with  what  is  known  in  the  Lancashire- 
Cheshire  area,  was  so  entirely  in  accord  with  his  own,  which  he  had 
strengthened  by  citation  from  Prof.  Hull's  memoir  of  facte  showing 
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a  thinning-oiit  of  the  Permian  marls  and  sandstones  in  the  Severn 
country  similar  to  that  which  Mr.  Ussher  had  shown  to  occur  in 
Devon.  He  reminded  the  President  that  Sir  A.  Ramsay  had  anti- 
cipated him  (the  Author)  in  suggesting  that  the  hreccias  were  of 
Permian  age,  and,  in  conclusion,  expressed  his  satisfaction  at  the 
warm  interest  in  the  question  evinced  hy  the  discussion. 
Prof.  Blake  also  spoke. 
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7.  On  the  Os  Pubis  0/ PoLACANrHus  Foxii.  By  H.  G.  Sbelet,  Esq., 
F.K.S.,  F.G.S.,  Professor  of  Geography  in  King's  College, 
London.     (Read  November  25,  1891.) 

The  evidence  of  the  systemafcic  position  of  the  Wealden  fossil 
Polacanthus  has  not  been  yery  precise.  Mr.  Hulke  in  1881  re- 
garded the  dermal  armour  as  closely  resembling  that  of  Scdido- 
saurus ;  and  the  dermal  spines  were  compared  with  those  of  Acan- 
iJwpholis,  Stegosaurus,  and  Omosaurus,  with  indications  of  some 
differences  of  structure.  It  is  to  the  Wealden  Hylceosaurus  that 
Polacanthus  was  most  closely  allied,  the  resemblance  in  their  dermal 
spines  being  very  close,  and  their  tibiae  are  stated  to  be  remarkably 
ajike.  These  views  were  adopted  by  Prof.  Marsh,  who  in  January 
1882  placed  Polacanthus  in  the  Scelidosauridse,  immediately  after 
Hyhsosaurus, 

When  the  great  tuberculate  shield  which  covers  the  pelvic  region 
in  Polacanthus  became  known  in  1887  by  the  skill  of  Mr.  J.  Lingard 
in  fitting  it  together  and  of  Mr.  Kichard  Hail  in  removing  the 
matrix,  Mr.  Hulke  described  the  pelvis,^  and  found  the  ilia  so 
blended  with  the  dermal  bones  that  their  exact  form  was  not  made 
out.^  The  remains  of  the  os  pubis  are  said  to  be  too  fragmentary 
to  give  the  shape  of  that  bone ;  but  it  was  thought  that  indications 
were  recognizable  of  its  division  into  posterior  and  anterior  parts. 
I  was  unable  to  recognize  any  indication  of  that  bone  on  the  shield, 
and  the  lettering  on  Mr.  Hulke's  figure  only  refers  to  the  ischium 
and  acetabulum.  Further  search  fortunately  resulted  in  detecting 
the  missing  pubis  as  an  isolated  specimen,  collected  by  Mr.  Fox 
with  the  other  remains,  east  of  Barnes  Chine,  in  the  Isle  of  Wight, 
in  1865.  It  appears  to  be  indicated  in  Mr.  Lydekker's  '  Catalogue 
of  Fossil  Eeptiles  in  the  British  Museum,'  Part  I.  p.  190,  by  the 
description  "  a  dermal  scute  bearing  a  short  spine."  This  bone  I 
regard  as  the  anterior  portion  of  the  left  pubis,  the  short  spine 
being  the  proximal  portion  of  the  post-pubis  ;  together  they  prove 
that  the  pubis  in  Polacanthus^  while  showing  differences,  was  con- 
structed substantially  upon  what  may  be  termed  "  the  Iguanodont 
plan.''  The  most  obvious  difference  is  that  the  anterior  pre-aceta- 
bular  portion  is  relatively  shorter  than  in  any  genus  hitherto 
described. 

The  thin  anterior  plate  of  the  pubis,  which  was  vertical  and 
compressed  from  side  to  side,  thickens  as  it  extends  backward  to 
form  the  superior  articular  surface  for  the  ilium,  the  margin  of  the 
acetabulum,  and  the  small  inferior  articulation  with  the  ischium, 
which  was  not  sutural. 

From  its  inferior  internal  side  is  given  off  the  so-called  post- 

*  PhiL  Trans.  Boy.  Soc.  toI.  clxxviii.  B,  pU.  viii.,  ix. 

*  The  outline  of  the  ilium  is  shown  in  pi.  ix.  (op.  oit.\  except  that  the  inner 
anterior  border  of  the  bone  is  less  clearly  defined  in  the  drawing  than  in  the 
specimen. 
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pubis.  It  b  directed  downward  and  backward,  from  in  front  of 
the  acetabulum,  from  which  it  is  separated  by  a  narrow  notch* 
Only  about  1 }  inch  of  its  length  is  preserved,  but  this  shows  it  to  be 
a  vertically  compressed,  slightly  oblique  rib-like  process,  sub-ovate 
in  section,  being  about  1-j^  inch  deep  by  -^  inch  wide.  The  notch 
which  divides  it  from  the  acetabulum  is  much  narrower  than  in 
Iguanodon ;  and  the  process  is  not  prolonged  ou  to  the  inner 
surface  of  the  pre>acetabular  part  of  the  bone  with  the  same  con- 
vexity of  surface  as  in  Iguanodon^  but  is  flattened  in  the  way  shown 
in  flg.  1,  facing  this  page. 

The  articular  surface  on  the  pubis  for  the  ilium  is  situate  at  the 
upper  binder  angle  of  the  bone,  above  the  acetabulum,  which  it 
meets  at  about  a  right  angle.  It  is  oblique  to  the  superior  contour, 
being  inclined  backward ;  is  subtriangular  in  form,  rugose,  convex, 
about  2  inches  wide  and  nearly  as  deep ;  it  manifestly  fitted  on 
to  the  descending  pubic  process  of  the  ilium,  though,  owing  to  com- 
pression of  the  shield,  it  does  not  now  make  a  close  union. 

The  acetabular  surface  of  the  pubis  is  below  and  behind  its  iliac 
articulation.  It  is  oblong,  3J  inches  in  length,  smoothly  concave  as 
it  extends  downward  and  backward,  is  inclined  somewhat  obliquely 
outward,  and  terminates  inferiorly  in  a  defined  margin,  below  which 
is  an  oblique  compressed  rounded  lip,  which  presumably  connected 
with  the  ischium.  The  lateral  acetabular  margins  are  subparallel, 
the  external  side  being  flattened;  and  the  internal  side,  wbich 
extends  about  1  inch  farther  backward,  is  more  concave  in  the 
vertical  direction.  The  transverse  measurement  below  the  iliac 
articulation  is  under  2  inches,  whilst  inferiorly,  towards  what  I 
regard  as  the  ischiac  surface,  it  exceeds  1  inch. 

The  ischiac  articulation,  when  seen  from  behind,  is  small  and 
semi-ovate,  being  convex  below ;  it  is  oblique,  so  that  its  depth 
is  twice  as  much  on  the  inner  as  on  the  outer  border.  It  is 
convexly  rounded,  both  from  side  to  side,  and  from  the  acetabular 
margin  downward.  In  no  other  specimen  have  I  seen  this  surface 
80  well  preserved. 

The  anterior  blade  of  the  pubis  is  directed  forward  and  down- 
ward from  the  acetabulum,  and  slightly  outward.  It  is  relatively 
short  when  compared  with  the  pre-aoe tabular  part  of  the  bone  in 
Iguanodon^  Camptosaurus,  and  allied  genera,  with  which  it  may  be 
compared  on  account  of  the  similarity  in  form  and  condition  of  the 
base  of  the  posterior  element  of  the  pubis.  It  does  not  show  the 
anterior  antero-posterior  widening  seen  in  Iguanodon  nor  the  forward 
curve  at  its  extremity  figured  in  Camptosaurus.  It  is  obviously 
shorter  and  relatively  deeper  than  the  same  element  in  Stegosaurus^ 
which  has  the  post-acetabular  part  of  the  bone  almost  as  wide  as  the 
pre-aoetabular  part.  This  blade  is  oblong  in  form,  compressed,  and 
becomes  thinner  as  it  extends  forward.  Its  length,  measured  from 
the  external  acetabular  border,  is  6^  inches ;  from  the  hindermost 
posterior  border  of  the  acetabulum  the  length  is  8^  inches.  The 
depth  of  the  bone  is  about  5  inches  in  the  articular  region,  4 
inches  in  the  middle  in  front  of  the  post-acetabular  element,  and 
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Fig.l. 


my 


Fig.  2. 


Explanation  of  Figures. 

1.  Right  ilium  and  iBchiuro,  yV  natural  sizA. 

To  the  right  in  the  figure  is  seen  the  shield,  with  the  dorsal  rihe  (r)  passing  under 
the  anterior  blade  of  the  ilium  ;  to  the  left  are  the  5  sarral  ribs  (x)  meeting  the 
acetabular  region  of  the  ilium.  P  =  position  of  attachment  for  the  pubis ; 
A  =  acetabulum  ;  h  =  ischium. 

2.  Lefl  pubis :  external  aspect  and  pnotiterior  aspect,     f  natural  size. 

The  anterior  blade  of  the  bone  is  directed  slightly  outwards. 

/  =  surface  for  ilium  ;  A  =  articular  surface  for  the  pelvic  acetabulum  ; 
/<  =  articular  surface,  presumably  for  the  ischium ;  pp  =  posterior  process  of 
pubis,  fractured  ;  m  m\  on  the  internal  Tisoeral  surface  are  two  V  shaped 
impressed  articular  surfaces,  here  indicated  by  dotted  lines. 
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3  inches  deisp  in  front.  Its  anterior  end  curves  a  little  outward, 
as  in  other  genera.  The  antero-superior  margin  of  the  blade  is 
nearly  straight,  compressed  and  sharp ;  the  terminal  contour  is 
convex.  The  infero-posterior  margin  may  be  slightly  broken  in 
front ;  it  is  concave  in  the  hinder  part  of  its  length,  being  prolonged 
continuously  on  to  the  post-acetabular  process. 

An  angular  impress,  ill-defined,  is  seen  on  the  inner  side  at  the 
anterior  extremity  of  the  pre-acetabular  plate,  but  there  is  no 
specimen  among  the  remains  of  Folacantfius  which  cau  be  identified 
as  being  the  pre-pubic  bone.  No  pre-pubic  bones  are  known  in 
Omosaurus,  though  it  is  manifest  from  the  size  and  width  of  the 
pelvis  that  the  pubes  could  not  have  met  each  other. 

On  the  whole,  the  pubic  bone  seems  to  be  in  many  respects  inter- 
mediate in  its  characters  between  Omosaurus  and  Iguanodon, 
•  The  ischium  in  its  singular  curved  form  is  only  paralleled  by 
Triceratop9,  which  is  stated  by  Baur  to  be  identical  with  Agathaii- 
mus.  But  in  Polacanthns  the  bone  is  wider,  with  a  curious  out- 
ward process  extending  from  the  acetabulum  over  the  ilium,  shown 
in  the  figure,  and  the  pubis  is  dissimilar. 

The  ilium  of  PoUicanthus  throughout  its  extent  is  blended  with 
the  shield,  so  that  the  preservation  of  the  shield  has  apparently 
resulted  from  the  support  of  the  thin  underlying  bony  framework 
on  which  it  rests.  Possibly  the  definition  of  the  ilium  may  have 
become  slightly  more  evident  than  when  the  specimen  was  first 
reconstructed;  but  from  the  acetabulum  a  line  diverges  outward 
and  forward,  separating  darker  thicker  tissue  external  to  it  from 
the  paler  substance  of  the  shield  on  which  the  ribs  rest.  I  take 
the  great  anterior  triangle  of  darker  tint  to  represent  the  thin 
blade  of  the  anterior  process  of  the  iUum.  It  is  seen  to  be  super- 
imposed upon  four  of  the  ribs  which  are  obscured  beneath  it ;  but 
there  is  no  strong  demarcation  to  separate  the  bone  of  the  ilium 
from  the  shield,  and  the  two  are  blended,  much  like  the  rib  and 
costal  plate  of  a  Ghelonian.  Still  its  limits  are  seen.  The  pre- 
acetabular  process  seems  to  form  one  half  the  length  of  the  bone, 
and  to  approximate  both  in  shape  and  outward  development  to  the 
corresponding  part  of  the  ilium  of  Omosaurus.  The  post-aoetabular 
process  was  relatively  short  and  truncated ;  its  form  is  shown  in 
fig.  2.  It  extends  nearly  to  the  posterior  margin  of  the  shield, 
and,  owing  to  removal  of  scutes,  is  seen  exposed  in  this  position 
on  the  dorsal  aspect  in  Mr.  Hulke's  plate.^ 

The  length  of  the  right  ilium,  which  is  the  more  perfect,  appears 
to  be  35  inches,  but  it  may  have  extended  a  little  farther  forward. 

From  this  arrangement  it  results  that,  while  most  Ornithischia 
have  the  ilia  vertical,  in  Polacanthus  they  are  horizontal.  The 
margins,  which  are  usually  highest  here,  are  bent  outward  and  down- 
ward with  the  convexity  of  the  shield  so  as  to  descend  lower  than 
the  acetabulum.'     From  this  condition  the  acetabulum  has  a  trans- 

1  Phil.  Trans.  Roy.  Soc.  vol.  clxxviii.  B  (1887)  pL  xviii. 
^  A  similar  type  of  ilium  unoonnected  with  a  shield  is  catalogued  under 
CetiosoMTua  in  the  British  Museum,  Cat.  Foss.  Bept.,  Part  I.  p.  143. 
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verse  position  vertical  above  the  femnr,  and  is  in  a  way  imperforate. 
It  is  noticeable  that,  while  the  sacral  ribs  form  5  lateral  bnt- 
tresses  to  support  tho  acetabular  part  of  the  ilium,  several  pre- 
sacral ribs  (in  no  way  modified)  extend  between  the  externa] 
armour  and  fhe  ilium,  for  the  more  anterior  are  seen  through  the 
thin  pre-acetabular  plate  of  tho  ilium.  And  this  indicates  that 
armour,  ribs,  and  ilium  blended  late  in  life. 

There  is  a  very  close  resemblance  in  the  ilium  between  Pola^ 
canthus  and  Omosaurus;  for  Omosaurus  has  a  similar  large  hori- 
zoDtal  acetabulum,  while  the  pre-acetabular  plate  is  of  similar  form, 
and  extends  horizontally  forward  and  outward,  and  the  post- 
acetabular  part  is  similar.  There  is  also  a  manifest  resemblance 
in  the  forms  of  the  sacral  ribs,  and  in  their  mode  of  attachment  to 
the  sides  of  the  vertebrfle  to  which  they  belong,  although  in  Pola- 
canihuB  they  tend  to  a  slightly  more  anterior  position.  In  Omo- 
saunis^  however,  external  armour  on  the  trunk  is  unknown. 

Other  resemblances  to  Polacdnthvs  are  found  in  the  Gosau  fossil 
Crataomus.  When  that  tyjic  was  described  in  1881  I  had  not  seen 
any  of  the  remains  of  this  armoured  Wealden  fossil.  But  I  drew 
attention  to  a  figure  by  the  late  Mr.  J.  E.  Lee  ^  from  the  Wealden 
of  the  Isle  of  Wight,  which  shows  a  dermal  plate  with  tubercles 
upon  an  osseous  base,  as  similar  to  armour'  of  Crataomus^  Mr. 
Lee's  fossil  may  have  belonged  to  Polacanihus  or  a  nearly  allied 
genus.  The  dorsal  vertebne  of  these  genera  are  very  similar,  as  is 
evident  on  comparing  Phil.  Trans.  Hoy.  Soc.  1881,  pi.  Ixx.,  and 
Quart.  Joum.  Geol.  Soc.  vol.  xxxvii.  pi.  xxx.  fig.  3.  The  femur 
in  both  corresponds  in  type  and  in  many  details.  If  there  had 
been  any  grounds  for  referring  the  remarkable  plates  to  Cra- 
iffomus  *  which  Bunzel  had  figured  as  the  ilium  of  Danuhiosaurus 
the  resemblance  might  have  been  carried  further.  It  has  been  shown 
that  those  remains  consist  of  a  rib-like  lower  part,  with  which  is 
blended  a  superimposed  thick  smooth  armour,  like  that  of  a  Chelo- 
nian.  Without  re-examination  it  may  not  be  possible  to  form  a 
definite  judgment  on  these  remains,  but  there  seems  some  likelihood 
that  they  may  prove  to  be  portions  of  the  ilia  of  Cratceomus  with 
confluent  smooth  armour  extending  forward  from  the  acetabulum.. 
Polacanthvs,  however,  has  no  such  smooth  scutes,  and  all  the 
armour  of  Crat^romus  which  can  be  compared  with  it  is  either 
tuberculate  or  rugose  with  vascular  impressions. 

Ornithischians  with  smooth  armour,  however,  existed  in  the 
Wealden  deposits.  And  the  British  Museum  acquired  in  the 
Bookies  Collection  a  portion  of  the  acetabular  region  of  such  a 
fossil  which  differs  from  P6luc<inihu8  in  the  far  greater  thickness 
of  the  ilium  above  the  acetabulum,  in  the  forms  of  the  confluent 
sacral  ribs  constricted  from  front  to  back,  and  in  the  absence  of 
all  trace  of  ornament  from  the  smooth  and  relatively  thin  dermal 
shield  above  the  ilium  as  preserved.     The  species  is  larger  than 

1  Ann.  Mag.  Nat.  Hist.  vol.  xi.  (1843)  pi.  i.,  and  *  Note-book  of  a  Naturalist.' 
*  Quart.  Journ.  Geol.  Soc.  toL  xxxvii.  (1881)  pi.  xxviii. 
=  Jhid.  p.  694. 
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Polaeanthu9  Foxii^  and  shows  that,  the  Wealden  fauna  contained  more 
than  one  type  of  heavily-armoured  Saurian. 

It  is  not  improbable  that  the  dermal  bone  figured  ^  from  Gosau, 
which  was  referred  to  Cratafomus,  and  compared  in  form  to  tho 
horn  core  of  an  ox,  may  .be  the  horn  upon  the  frontal  bone.  If  so, 
it  establishes  a  striking  difference  between  that  genus  and  Strut hio- 
*auni8y  which  has  a  small  skull,  without  anything  to  indicate  supra- 
orbital horns  such  as  Lave  been  suggested  for  CraUxomu^.  Cope 
has  compared  it  to  Monocloniiis  or  the  horn  of  AgatJtaumus^^  and 
Marsh  to  the  horn  of  Triceratops?  On  this  comparison  Zittel  * 
has  placed  CrcUcBomus  in  the  suggested  sub-order  Ceratopsia.  The 
bone  may  possibly  be  a  link  of  alliance  between  Aguihaumus  and 
Cratceornus.  But  I  do  not  discover  evidence  of  stronger  affinity 
between  those  genera  than  is  manifest  between  Cratasomus  and 
Polaeanlhus,  or  between  Polacanthus  and  Omosaurus,  So  that  I 
am  led  to  associate  all  those  genera  in  near  alliance,  in  the 
Scelidosaurian  division  of  the  order  Omithischia. 

[I^ote, — ^The  pubis  of  Polacanthus  has  been  freed  from  the  matrix 
by  Mr.  Eichard  Hall,  since  this  paper  was  read. — December  31, 
1891.J 

Discussion. 

Mr.  Lydekkee  said  there  was  no  doubt  that  the  bone  in  question 
was  an  imperfect  left  pubis  of  PolacantJius ;  and  it  was  important  as 
confirming  the  relationship  of  that  and  tho  allied  genera  to  the 
Iguanodonts. 

He  agreed  with  the  Author  in  considering  that  the  present  dis- 
tinctness of  the  ilium  on  the  under  surface  of  the  shield  of  Pola^ 
eanbhus  in  the  British  Museum  had  only  recently  appeared,  and  was 
probably  due  to  more  complete  desiccation.  He  remarked  that  the 
ilium  being  situated  internally  to  the  ribs  was  a  character  found 
elsewhere  only  in  adult  tortoises,  and  that  it  was  probably  due  to 
the  impact  of  tho  shield  on  the  ribs  rendering  it  impossible  for 
another  bone  to  grow  between  the  two. 

The  speaker  was  glad  to  hear  that  the  Author  was  convinced 
of  the  close  alliance  between  the  American  Agathaumus  {Triceratopis) 
and  Struthiosaurus  {Cratctomus)  of  the  Austrian  Cretaceous,  an 
alliance  which  he  himself  had  already  indicated  in  his  *  Paleon- 
tology.* All  this  confirmed  his  view  as  to  the  close  affinity  be- 
tween all  the  Dinomurs  of  N.  America  and  Europe. 

*  Op.  cU.  pi.  xxviii.  fig.  4. 

^  £.  D.  Cope  Biiggest^  this  identification  to  me  in  1886, 
»  Geol.  Mag.  for  1889,  p.  207;  ibid,  for  1891,  p.  193. 

*  '  Handb.  der  Palaontol.'  Band  iii.  Abth.  i.  p.  763. 
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8.  Hiqh-Letel  Glacial  Gbayels,  Gloppa,  Ctbn-t-bwch,  near 
OswESTBT.  By  A.  C.  Nichouson,  Esq.  (Read  December  9, 
1891.) 

[Communicated  by  Wu.  Shonb,  Esq.,  F.G.S.] 

The  Gloppa  (spelt  ^  Glopa '  on  the  Ordnance  map)  is  a  small  farm, 
about  two  miles  north-east  of  Oswestry,  situate  on  the  eastern  slope 
of  the  ridge  of  Carboniferous  rocks  (Millstone  Grit)  which  forms 
the  western  boundary  of  the  Nortbern  Shropshire  and  Cheshire 
Plain,  and  upon  this  and  adjacent  farms  the  gravels  and  sands 
are  spread  out.  The  main  mass  is  comprised  in  a  ridge  of  eskers 
about  1000  yards  long,  and  appears  to  rest  immediately  upon  the 
Millstone  Grit,  the  beds  of  which  formation  crop  out  directly 
to  the  westward,  and  dip  here  about  20**  to  25°  E.  and  S.E.,  the 
average  slope  of  the  hill  being  about  10^.  The  portion  of  the 
deposit  worked  out  forms  but  a  small  part  of  the  whole,  although 
about  33,000  tons  of  material  have  now  been  extracted. 

A  pit  was  opened  here  in  the  year  1888  for  the  purpose  of 
getting  sand  for  the  filter-beds  on  the  Oswestry  works  of  the 
Liverpool  Yyrnwy  Waterworks,  and  since  that  date  I  have  had  it 
under  observation  ;  it  is  not  now  being  worked. 

The  deposit  ranges  here  from  about  900  to  1160  feet  above  sea- 
level,  but  the  main  mass  is  from  1000  to  1150  feet,  the  sandpit 
worked  being  1070  to  1130  feet.  The  highest  point  at  which  I 
have  found  marine  shells  in  the  drift  is  1120  feet;  the  other 
recorded  instances  of  such  drift  at  similar  heights  in  Great  Britain 
being  Moel  Tryfaen  (1330  to  1360  feet),  Preetwich's  Patch, 
Macclesfield  (1150  feet);  and  in  Ireland  there  is  Three  Rock 
Mountain  (1100  to  1200  feet).  I  have  noted  similar  gravel  on 
Selattyn  Hill,  two  miles  t^  the  north  along  the  Millstone  Grit  ridge, 
at  a  height  of  1250  to  1300  feet,  but  found  no  shells  at  that  locality, 
there  being  but  a  small  exposure  a  few  feet  deep.  Similar 
deposits  occur  at  various  points  along  the  Millstone  Grit  ridge, 
such  as  Frondeg  and  Halkyn,  and  have  been  noticed  by  the  late 
D.  Mackintosh  and  others. 

Nearer  Oswestry,  but  at  much  lower  levels  (400  to  660  feet), 
occur  a  series  of  eskers  of  somewhat  similar  character,  as  at  Old 
Oswestr}'  gravel-pit,  but  these  are  undoubtedly  of  more  local  origin, 
although  they  contain  a  large  admixture  of  northern  erratics. 
These  have  been  described  by  the  late  D.  C.  Davies  in  the  Proc. 
Geol.  Assoc.^  In  the  same  paper  Mr.  Davies  gave  two  sections, 
figs.  10  and  11,  on  the  Oswestry  Kacecourse,  evidently  parts  of 
the  Gloppa  deposit  as  shown  in  some  old  pits  long  since  closed. 

The  greatest  depth  exposed  at  Gloppa  has  been  about  60  feet ; 
the  base  has  not  been  reached,  but  it  is  hardly  probable  that  the 


Yol.  ir.  (1875)  part  vii. ;  eee  figs.  8  and  9. 
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depth  would  exceed  100  feet  at  the  utmost,  and  the  section  would 
be  approximately  as  follows : — 


Fig.  !• 


ft  in* 
Soil  6  in.  to  1  ft.  0  in.     1     U 
Rough  ground  with 
many  local   botd* 
ders     1    0 

c.  Patches  and  thin 
bands  of  daj,  red 
and  grey,  Uue 
clay  with  slaty 
fragments,  grarel 
with  erratics,  loam 
and  shingle,  yery 

few  shells    10    0 

Beds  of  shingle, 
loam,  and  gravel, 
full  of  erratics  and 
many  large  boul- 
ders, shells  com- 
paratirely  abun- 
dant      20    0 

€,  Beds  of  loam,  fine 
shingle  with  shells 
and  erratics,  but 
on  the  whole  more 
finely  stratified  and 
of  finer  muterial 
than  d ;  worked 
down  to  about  ...  25    0 

The  clay-patches  and  bands  near  the  surface  can  hardly  be  said 
to  be  continuous,  although  the  upper  layers  under  h  are  all  more  or 
less  argillaceous  and  sufficiently  so  to  prevent  the  percolation  of 
rain-water. 

The  following  measured  sections  are  lllustratiTe  of  the  whole 
deposit : — 

^-  ft.  in. 
Soil,  thin  claj-bands,  gravel, 

and  sand 3 

Gravel 1 

Fine  sand   1 

do.    with  fine  partings 2 

do.    with  pebble  layers    ...  3 

Sand    1 

Sand  lajera  and  gravel,  finely 

stratified 3 


Grit  beds  below. 


^  fk.  in. 

Soil 1  0 

Thin  red  and  grey  clay-bands 

withfinesand 4  0 

Gravel 0  6 

IxMimy  sand   2  0 

Fine  gravel 0  6 

lioamyBand  2  0 

Fine  gravel  and  sand    1  1 

Sand   0  6 

Shingle   0  8 

Finely  laminated  sand 0  5 

Fine  gravel 0  2 

Finely  laminated  sand 0  8 

Sand  and  gravel  in  fine  layers .  4  0 


0 


Gravel  below. 


16    0 


17   6 


The  deposit  may  be  said  roughly  to  dip  from  N.  and  N.E.  to  S. 
and  S.W. 

On  the  north-eastern  slope  the  beds  presented  in  places  the 
appearance  of  haying  been  abruptly  cut  ofi[',  and  the  surface  of  the 
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gravels  has  the  eroded  ap- 
pearance generally  charac- 
teristic of  such  deposits. 
There  is  occasionally  much 
contortion  of  the  layers, 
and  current-bedding  is 
frequent,  as  shown  in  the 
figure  (2)  facing  this  page, 
reproduced  from  a  photo^ 
graph. 

The  ac<!ompanying  out- 
line-sketch of  the  surface 
of  the  ground  (fig.  3)  may 
be  found  interesting. 

There  are  numerous 
large  boulders  consisting 
of  limestone,  sandstone, 
various  granites  and  sye- 
nites, slates,  greenstones, 
porphyritic  trap,  &c.,  the 
boulders  and  larger  peb- 
bles being  commonly  stri- 
ated and  many  polished. 
The  bulk  of  the  gravel 
consists  of  rounded  and 
Bubangular  .stones,  the 
larger  stones  being  angular 
and  subangular ;  they  are 
in  a  general  way  similar 
to  the  boulders  of  the 
Lower  Boulder  Clay  of 
Cheshire  as  described  by 
the  late  D.  Mackintosh.* 
The  bulk  of  the  stones  may 
be  set  down  as  Silurian 
grit  and  argillite,  then  fel- 
spathic  trap  rocks,  green- 
stone, granites  similar  to 
those  of  Ennerdale  (?), 
Eskdale,  and  Criffel,  &c., 
syenite,  felsites.  Carboni- 
ferous Limestone,  Mill- 
stone Grit,  and  vein-quartz. 
Some  Coal  Measure  shales 
and  sandstones  and  Per- 
mian and  Triassic  sand- 
stones have  been  noticed, 
also  a  few  Chalk  flints  and 
a  trace  of  Liassic  shale. 

These  gravels  may  pro- 
hably  be  correlated  with 
the  well-known  drift  de- 


*  Quart.  Joum.  Geol. 
voL  xxxiil  (1872)  p. 
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Fig.  2. — Section  i 


Note,— Thu  ia  a  reproduction  of  a  photograph  of  the  middle  portion  of  th 
fragment  of  h2fphafi  wiut  found  ;  the  current-be<ldi 
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Gloppa  Gritel-Pit. 


andpit.     In  the  neighbourhood  of  the  contorted  beds  on  the  right  hand  the 
here  shown  is  highly  charaoieristio  of  this  deposit. 
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posit  of  Moel  Tryfaen, 
which  contains  a  simi- 
lar fauna  of  much  the 
same  general  charac- 
ter, together  with 
striated  erratics  and 
houlders.^ 

They  differ  from  the 
middle  sands  and  gra- 
vels of  Cheshire,  Lan- 
cashire, and  Shrop- 
shire, as  described  by 
various  observers,*  in 
that  they  contain 
numerous  large  and 
small  polished  and 
striated  erratics,  and 
also  in  the  general 
character  of  the  mol- 
lusca,  which  have 
thicker  shells  than  the 
Cheshire  specimens. 

At  the  end  of  this 
paper  a  list  of  the 
fossils  that  I  have 
found  in  the  drift  is 
given,  all  the  species 
of  which,  with  the 
exception  of  one  or 
two  of  the  older  fossils, 
I  have  myself  col- 
lected. They  occur 
chiefly  in  the  middle 
and  lower  beds  in 
tlie  fine  shingle  and 
gravel,  though  they 
are  not  uncommon  in 
the  sandy  layers. 
Their  condition  varies 
much :  thus,  there  are 
many  fragments  much 
broken,  rolled,  and 
striated,  some  very 
fragmentary,  but  the 

^  See  D.  Mackintosh, 
'Age  of  Floating  Ice  in 
North  Wales,'  GebL  Mag. 
for  1872,  p.  16. 

«  Cf.  paper  by  W. 
Shone  on  'Glacial  De- 
posits of  West  Cheshire,' 
Quart.  Joum.  Geol.  Soc 
Tol.  xxriv.  (1878)  p.  383. 


Offa's  Dyke. 


Road  and 
Bail  way 
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bulk  are  in  fairly  good  condition,  and  entire  single  valves  of  Astarte, 
Mactraj  Tellina,  &c.,  are  common.  A  perfect  specimen  of  Fusus 
antiquus,  3  inches  long,  was  fonnd,  and  the  univalve  shells  are 
often  well  preserved. 

Amongst  the  finds  was  a  small  "shelly  lump"  consisting  of 
numerous  shell-fragments  consolidated  in  a  sandy  matrix,  resembling 
a  solidified  beach-sand. 

Another  notable  find  was  a  portion  of  a  tusk  of  Elephas  (primi^ 
genius  ?),  which  was  discovered  in  contorted  strata  in  the  upper  part 
of  the  deposit.  The  fragment  was  about  15  inches  in  length ;  it 
was  unfortunately  broken  up  by  the  workmen,  but  several  small 
pieces  were  secured. 

The  sand  in  the  gasteropod  shells  has  been  examined  for  forami- 
fera,  but  none  have  so  far  been  discovered  therein. 

1  have  searched  the  lower-level  gravels  already  mentioned  as 
occurring  at  Old  Oswestry  for  shells,  but  have  only  obtained  there 
Turritella  terebra.  Purpura  lapilhis,  and  Mactra  sp.  The  fragments 
in  that  locality  are  for  the  most  part  comminuted  to  such  a  degree 
as  to  be  quite  undefinable. 

It  may  appear  doubtful  whether  the  Gloppa  deposit  has  been 
deiived  from  a  pre-existing  Boulder  Clay ;  the  writer  is  inclined  to 
think  that  the  weight  of  the  evidence  is  to*  the  contrary,  although 
it  may  be  quite  probable  that  part  of  the  fauna  is  derived.  The 
only  true  Boulder  Clay  that  I  have  seen  in  the  immediate  neigh- 
bourhood is  at  a  level  of  700  feet.  This  clay  contains  nume- 
rous striated  and  polished  boulders,  some  of  them  running  to 
18"  X  12"  X  6",  but  so  far  as  I  have  been  able  to  ascertain 
there  are  no  northern  erratics ;  the  boulders  and  pebbles  are  all 
such  as  can  be  matched  in  the  Welsh  Hills  lying  to  the  S.W.  and 
N.W. 

I  have,  in  conclusion,  to  express  my  thanks  to  Messrs.  Clement 
Keid,  E.  D.  Darbishire,  and  £.  T.  Newton,  for  valuable  assistance 
rendered  in  the  identification  of  the  shells ;  also  to  Mr.  Wm.  Shone 
for  much  help  and  advice. 

The  accompanying  sketch-section  (fig.  4,  p.  89)  of  the  ground 
from  Gloppa  to  Old  Oswestry  may  be  of  interest. 
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Appendix. 
List  of  Molluica^  etc.,  from  the  Gloppa  Drift, 

N.B.— In  the  first  column  I  hare  noted  the  occurrences  at  Gloppa  ;  in  the 
second  column  are  given  the  species  recorded  at  Moel  Tryfaen  (see  W.  Shone's 
paper.  Quart.  Joum.  Geol.  Soc  rol.  xxxiy.  (1878)  p.  394). 

I  hare  indicated  in  the  third  column  the  occurrences  of  the  rarious  species 
now  liTing  in  Lirerpool  Bay  (vide  *  Fauna  of  Liyerpool  Bay/  Report  1  (1886), 
pp.  247-266,  Liverpool  Marine  Biology  Ooniraittee). 

The  letters  t.  r.  mean  that  1  to  3  specimens  hare  occurred ;  r.,  3  to  10 ; 
f.,  frequent ;  c.,  common ;  a.,  abundant 


Gloppa. 

Moel 
Trj'faen. 

Livep- 
poolBay. 

1.  Arctic  and  Scandinavian  species  not 
living  in  British  seas. 

Leda  pemttla^  Miiller 

r. 

c. 
y.  r. 

p. 

p. 
v.  p. 

? 

? 

f. 

r. 

P. 

y.  p. 

y.  p. 
y.  p. 
y.  p. 

y.  p. 
p. 

p. 

0. 

y.  p. 
y.  p. 

p. 

p. 

V.P. 

f. 
f. 
f. 

V.P. 

y.  p. 

c. 

c. 

f. 

f. 
y.  p. 

f. 

V.P. 

c. 
c. 
a. 
p. 

c. 
p. 
c. 
c. 
c. 

y.p. 

Asstarte  boreoMf^  Chemnitz 

„      crebricostata^  Forbes 

Dentalium  abunsorunif  Sars   

Natica  affinist  Gmelin    

Tellina  calcarea  ( T,  proximay  Brovm) 

Cardium  qrctnkmdicum  (Obemnit<z)  ^  

PleuTOtoma  Dt/mmidolis.  Stimnson 

Troohon  clatnrajtus.  Liinn.     ..:. 

„              „         var.  KalariformiSf  Gould. 
„              „         yar.  Gttwnm,  Loven    ... 

2.  Northern  type  of  British  species  which 
inhabit  Arctic  and  Scandinavian  seas  in 
common  with  our  own. 

Mvtilus  modioluB.  Ijinn 

Lacuna  crasvor,  Montagu 

„       divaricataf  Fabricius 

Ctnyrina  islandica.  Linn 

Axtarte  compressMy  Mont 

Buccinum  undatunif  Linn 

JYophon  dathratusj  Linn.,  yar.  truncalua   ... 
Pleurotoma  rufa^  Mont 

„          turriculaf  Mont 

Sipho  {Fums)  gracilis.  Da  Costa 

Puncturella  Noachina,  Linn,  (one  specimen 
onlv'i    

^"w  /     • 

3.  Southern  type  of  British  species  which 
inhabit  more  southern  seas  in  common 
with  our  own. 

Area  ktetea^  Linn.  (2  specimens) 

hinise-fraffments) 

V  i 


One  specimen  only  found,  which  is  probably  Cardium  grctnlandii^m. 
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List  of  Mollusca  (continued). 


4.  General  British  species. 


Anomia  ephippium,  Linn 

Ostrea  edulis,  Linn 

Peoten  apercularis,  Linn 

„      variiis^  Linn 

Mt/t  iltis  edulis^  Lmn 

Nucula  nueletis,  Jjinn , 

Peetunctiiw  glycimeris^  Linn.    . . . , 

Lttcina  borealts,  Linn 

Cardium  echinatumy  Linn 

„       fasciatum,  Mont 

,,       eduUt  Linn 

,,  norvffficum,  Spengler  ... 
Astarte  tutoata^  Da  Costa  

„  „  Tar.  elliptica  ... 
Ven U8  exdeta,  Linn. 

„      lincta^  Pultenej 

„      ovaia^  Pennant   

„     gallina^  Linn. 

„      casina,  Linn 

Tapes  virgineuSf  Linn 

Teliinaoalthica,  Linn 

Psammobia  ferroensif,  Chemnitz 
Donax  vittatus^  Da  Costa 


sp 


Mactra  solidoj  Linn 

„  „        Tar.  elliptica , 

„        suhtruncata.  Da  Costa 

Lutraria  elliptica^  Lamarck , 

SoleritSp 

Corbula  gihba,  Oli  vi   .....' , 

Mga  truftcatOf  Linn 

„  „         Tar.uddevallettsis ., 

Saxioava  rugosa^  Linn 

„  ,,       ytix.arctica    

Pholas  crispatatJAnn 

„      dactyhta^  Linn. 

Dentalium  entale,  Linn; 

Fi88urel/a  graoaj  lAniL  .-. 

Littorina  rvdis,  Maton* 

„        littorea,  Linn 

Ris8(xi  costata;  Adtivas  - 

TurriteUa  terebra,  Linn 

Trichotropis  borealis,  Brod.  &  Sow. 

Aporrhaia  pes-pelicani^  Linn 

Purpura  lapiUvs,  Linn 

Afurex  erinacet{8,  Linn.. 

Natica  caiefia^  Da  Costa 

„.     Alderi,Forhc8 

Trophan  barvicenm^  Johnston 

„        Fabricii,  Tar.  Monro 

„       m uricatuSf  Mont.    


Gloppa. 


Moel    I    Liver- 
Try  faen.  pool  Bay. 


r. 

r, 

r. 
T.  r. 

c. 

f. 
T.  r. 
T.  r. 

f. 


f. 

? 

? 
T.  r. 
T.  r. 
T.  r. 
T.  r. 

T.  r. 
a. 
f. 

T.  r. 

f. 

? 
T.  r. 

r. 
T.  r. 


f. 


T.  r. 

r. 

T.  r. 

r. 


f. 
T.  r. 


r. 

c. 

f. 
T.  r. 
T.  r. 


T.  r. 
p. 
.<• 
f. 

T.  p. 

r. 
f. 
c 
r. 

f.' 
T.  r. 

T.  r. 
T.  r. 
T.  r. 

c. 

T.  r. 

r. 
T.  r. 


T.  r. 

f. 
T.  r. 

r. 
T.  r. 


T.  r, 

T.  r. 

T.  r. 

f. 

a. 
T.  r. 
T.  r. 

f. 

p. 


T.  r. 

? 


c 
c 
c. 
r. 

a. 

c. 
p. 

c. 

T.  p. 

a. 

p. 

T.  p. 

p. 
p. 

a. 

p. 

T.  p. 

a. 

r. 
c. 


r. 
c. 
c. 
p. 
a. 

a. 

p. 

p. 
•  p. 

a. 
a. 

a. 

p. 
c. 
p. 
c. 
p. 

T.  p. 
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Gloppa. 

Moel 
Tryfaen. 

Liver- 
pool Bay. 

Fusus  anHquuSjliinxi 

c. 

T.  p. 

f 

V.  p. 

? 

2  or  3  species, 
very  frag- 
mentary, 
prohabfy 
crenafut. 
Humeri,  & 
poroatu*. 

X.  p. 

c. 

p. 

T.  p. 
T.P. 

P. 
T.  P. 

T.P. 

c. 

p. 
p. 
p. 

a. 

„            „            „      monst.contrarium^... 
yicusa  reticulaiaf  Jjinn 

„     incrassala,  Strom 

Pleuroioma  nebula^  Mont 

CiRRlPEDIA.                                     / 

Balanus  crenatw,  Brug 1 

„       ^am^rt,  AscaniuB    -{ 

„      porcatuSj'D&  Cost&  

Spongidjs. 
ClionafBp.in  shells 

Older  Fossils  in  Gloppa  Deposits  (identified  by  Mr.  Sharman). 

SfLURiAX  Yarious   species  of  mollusca  and  brachiopoda. 

A  Trilobite  (not  identified). 
Carboxifesous  Liubstonb...  Crinoid  stems. 

Lithostrotion  junceum. 
„  irregulare. 

sp. 
Amplexus,  sp. 
Cliifiophi/llnm,  sp. 
Sf/rinffoporUy  sp. 
Stigmaria,  sp. 
Prodiu'tus  semireticulatus. 
sp. 

Lias Cardinia  Listeri. 

„       crassissiina. 
Gri/phaa^  sp. 

Gault    Avicula  grypheeoidcs. 

Chalk    Cyphosomu,  sp. 

Also  a  doubtful  fragment  of  a  Secondapy  shell  (Ostrea  ?). 


COAL-UEASITRE  SaNDSTOXE 


Discussion. 

The  Secretary  read  the  following  remarks  sent  by  Mr.  Clement 
Keid,  who  was  unable  to  be  present : — 

"The  fauna,  as  far  as  I  can  judge,  agrees  fairly  with  that  of  Moel 
Tr3'faen,and  contains  a  similar  mixture  of  species  belonging  to  various 
depths  and  indicating  different  climates.  There  seems  to  be  no  reason 
for  accepting  either  of  these  faunas  as  contemporaneous  with  the 
deposit  in  which  it  is  now  found;  for,  besides  the  difficulties  already 
mentioned,  it  will  be  observed  that  a  large  proportion  of  the  shells 
belong  to  a  sandy  bottom,  not  to  a  steep  rocky  coast,  such  as  would 

^  Thepe  is  a  notice  of  this  pevepsed  species  occupring  in  Middle  Pleistocene 
Gravel  at  Worden  Hallj  near  Leyland,  Lancashire  ;  see  papep  by  K.  D.  Darbi- 
shire,  Quapt  Joum.  Geol.  Soc.  toI.  xzx.  (1874)  p.  3S. 
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be  exposed  to  the  sea  by  the  submergence  of  these  hills.  The  good 
state  of  preservation  of  the  abundant  Lias  fossils  ^  is  another  reason 
that  makes  me  hesitate  to  accept  any  of  the  associated  Pleistocene 
species  as  contemporaneous  with  the  gravel.  If  lias  fossils  can  be 
earned  for  considerable  distances  up-hill  without  injury,  the  same 
mode  of  transport  will  account  for  the  presence  of  the  newer  fauna. 

"  Whatever  may  be  one's  opinion  as  to  the  contemporaneous  or 
derivative  origin  of  the  fossils,  Mr.  Nicholson's  careful  record  of  the 
sections,  and  his  collection  of  boulders  and  shells,  will  provide  valuable 
material  for  future  work.  I  hope  he  will  be  able  to  add  still  further 
to  our  knowledge  of  this  interesting  deposit." 

Dr.  Hicks  wished  to  know  the  position  in  the  section  where  the 
Mammoth  tusk  was  found,  as  it  was  clear  to  him  that  the  find  was 
not  only  an  important  one,  but  that  it  would  have  a  direct  bearing 
on  the  question  of  the  age  of  the  remains  found  by  him  under  a  drift 
containing  similar  shells  at  the  entrance  to  the  Cae-Gwyn  Cave  in 
the  Vale  of  Clwyd. 

Prof.  Hull  regarded  this  communication  as  of  very  high  interest, 
as  corroborative  evidence  of  the  submergence  of  the  centre  of  the 
British  Isles  afforded  by  the  Wicklow  shell-beds  and  those  of  Moel 
Tr}-faen  and  the  Macclesfield  Hills.  The  shells  were  in  a  remarkable 
state  of  preservation,  and  appeared  to  have  lived  in  a  sea  traversed 
by  currents  and  containing  rafts  of  ice,  or  small  icebergs,  which  had 
deposited  the  boulders  amongst  the  beds  of  sand,  as  described  by 
Mr.  Nicholson. 

Mr.  Shone  drew  attention  to  the  somewhat  remarkable  fact  that, 
both  in  Great  Britain  and  Ireland,  the  shell-bearing  High-Level 
Glacial  Sands  and  Graveh  have  as  yet  been  found  only  upon  the 
outskirts  of  the  mountainous  areas.  This  would  appear  to  suggest 
that  these  areas,  in  their  more  central  portions,  were  covered  with 
ice  at  the  time  the  fossiliferous  High-Level  Glacial  Sands  and  Gravels 
were  being  accumulated. 

Prof.  Blake  enquired  what  relation  the  deposits  described  might 
have  to  the  great  terminal  moraine  described  by  Prof.  Carvill  Lewis, 
which,  as  he  drew  it,  did  not  pass  far  from  the  spot.  The  details  of 
the  stratification,  like  those  of  Moel  Tryfaen,  seemed  indicative  of 
melting  from  ice. 

The  President  thought  that  the  Author,  by  the  careful  collection 
of  his  facts,  and  the  avoidance  of  theory  regarding  them,  had  pro- 
vided valuable  additional  material  for  the  discussion  of  the  vexed 
question  of  the  extent  of  the  Glacial  submergence.  The  deposit 
described  in  the  paper  had  been  first  brought  to  the  President's 
notice  by  a  late  Fellow  of  the  Society,  Mr.  E.  S.  Wyld,  Jun.,  who 
sent  him  some  of  the  shells.  He  urged  Mr.  Wyld,  who  was  the 
resident  engineer  of  the  Liverpool  Waterworks  near  Oswestry,  to 
collect  the  shells  and  write  a  paper  on  the  subject  for  the  Society ; 
but  death  removed  him  before  he  had  time  to  carry  out  this 
proposal. 

^  The  Lias  fossils  are  not  abundant,  but  very  rare.— A.  0.  N.,  Januarv  12, 
1892. 


^ 
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The  Author  took  the  opportunity  of  thanking  Prof.  Judd  for  an 
inspection  of  the  Moel  Tryfaen  collection  at  South  Kensington. 

With  reference  to  Mr.  Reid's  letter  and  the  President's  remarks, 
he  explained  that  he  had  purposely  refrained  from  introducing  theory 
into  his  paper,  deeming  it  best  to  place  upon  record  a  statement  of 
facts. 

He  joined  with  the  President  in  expressing  regret  at  the  early 
death  of  Mr,  Wyld. 

In  reply  to  Dr.  Hicks,  the  Author  stated  that  the  gravels  were 
stratified,  although  very  irregularly,  and  current-bedding  was  very 
frequent.  The  fragment  of  Elephas  had  been  found,  judging  from 
the  particulars  stated  by  the  workmen  (it  having  been  discovered  at 
the  time  a  great  mass  of  material  had  slipped  down  from  tho  face  of 
the  pit),  in  the  upper  part  of  the  deposit,  and  perhaps  it  was  of 
younger  aofe  than  the  bulk  of  the  mollusca,  although  it  was  quite 
probable  the  fragment  had  been  transported  to  Glop[)a  by  the  same 
agency  as  that  which  had  transported  northern  erratics.  There  was 
no  trace  of  a  shell-beach,  or  of  well-defined  zones  of  occurrence  of 
any  particular  species  of  mollusca. 

The  Author  agreed  in  the  main  with  Prof.  Hull  as  to  the  origin  of 
the  deposit  under  water ;  and  in  reply  to  Prof.  Blake,  he  stated 
that  there  was  no  Boulder  Clay  in  connexion  with  this  deposit,  nor 
does  it  seem  to  have  any  connexion  with  the  local  Welsh  drift. 
He  had  not  had  the  advantage  of  reading  Prof.  Carvill  Lewis's  papers 
on  terminal  moraines;  but,  so  far  as  he  could  judge  from  the 
evidence,  this  deposit  did  not  confirm  that  theory,  or,  rather,  that 
theory  was  not  applicable  to  this  particular  deposit. 
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9,  The  SuBTERBAKEAN  EsosioN  of  the  Glacial  Drift,  a  pbobable 
CAUSE  of  submerged  Peat-  and  Forest-beds.  By  Wm.  Shone, 
Esq,,  F.G.S.     (Read  December  9,  1891.) 

The  Drift  of  the  N.W.,  N.E.,  and  Central  Eogland  covers  a  large 
area  of  the  Triassic  Series,  composed  of  interst  ratified  hard  and 
soft  rocks,  giving  rise  to  very  unequal  denudation  of  the  various 
members  of  the  series.  The  Triassic  area  is  consequently  of  an 
undulating  character,  and  the  Drift  which  covers  it  like  a  mantle 
partakes  of  the  undulating  nature  of  the  rocks  it  overspreads. 
The  Drift  upon  the  sides  of  the  valleys  has,  at  short  intervals,  been 
cut  into  minor  valleys  by  the  rain  coursing  down  their  slopes. 
The  minor  valleys  cut  out  of  the  Drift  should  be  carefully  distin- 
guished from  the  larger  vaJleys  covered  with  Drift,  for  the  latter 
appear  to  follow  the  contour  of  the  pre-Glacial  land  surface. 

Every  minor  valley  has  its  small  streamlet,  which  in  dry  weather 
is  most  frequently  a  very  insignificant  watercourse ;  during  heavy 
falls  of  rain,  however,  such  tiny  rivulets  become  swollen  into  large 
and  rapidly-flowing  brooks,  charged  with  densely  turbid  water 
derived  from,  the  clays,  sands,  and  gravels  of  the  Drift. 

The  section  {fug.  1)  is  across  two  such  minor  valleys.  At 
the  S.S.E.  end  is  situated  the  sandpit,  with  a  face  of  the  pit  at 
right  angles  to  the  line  of  section.  Under  the  surface-soil  the  pit 
has  a  covering  of  Upper  Boulder  Clay  (varying  from  2  to  6  feet  in 
thickness)  resting  upon  Middle  Sands  and  Gravels.  About  6  feet 
beneath  the  base  of  the  Upper  Boulder  Clay  there  was  a  band  of 
clay  a  few  inches  thick  in  the  underlying  sands  and  gravels.  After 
a  very  heavy  faU  of  rain  in  November  1890  I  found  the  sands  and 
gravels  between  these  two  beds  of  clay  to  be  full  of  large  boles, 
through  which  the  subterranean  water  that  had  percolated  between 
the  clay-beds  had  escaped.  Where  the  sands  and  gravels  had  been 
forced  from  under  the  Upper  Clay,  many  tons  of  the  latter  had  fallen 
into  the  bottom  of  the  pit. 

This  occurrence  led  me  to  consider  what  would  have  become  of 
the  sudden  rush  of  subterranean  wat<;r  through  the  sands  and  gravels 
lying  under  the  Upper  Boulder  Clay  had  there  been  no  artificial 
outlet  into  the  sandpit.  If  it  had  found  an  outlet  along  an  inclined 
plane  it  would  have  forced  along  the  fine  sands  and  gravels  from 
beneath  the  more  impervious  clay  to  the  place  of  escape.  The  search 
for  the  probable  direction  of  the  underground  drainage  resulted  in 
finding  a  natural  outlet  N.N.W.  of  the  sandpit  into  streamlet  No.  1 
of  the  section. 

The  streamlets  Nos.  1  and  2  flow  in  a  westerly  direction  until 
intersected  by  a  much  larger  and  longer  stream,  into  which  many 
such  streamlets  fall. 

Along  the  line  of  section  at  B-B  the  sands  and  gravels  crop  out 
from  under  the  clay.     At  such  points  springs  are  of  frequent  occur- 
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rence,  and  if  these  are 
caught  in  troughs  deposits 
of  sand  quickly  accumu- 
late in  the  receptacles. 
After  heavy  rains  the 
quantity  of  sand  deposited 
by  even  tiny  springs  is 
very  considerable. 

Where  the  drainage  is 
insufficient  to  maintain 
permanent  springs,  a  stra- 
tum of  a  soft  puddly  nature 
is  produced  by  the  con- 
stant oozing-out  of  under- 
ground water.  There  are 
other  outlets  which  are 
active  only  during  the  con- 
tinuance of  very  heavy 
rain,  acting  as  storm- 
overflows  for  the  ordinary 
underground  drainage. 

One  and  all,  however, 
issue  from  underground 
charged  with  matter  de- 
rived from  the  subterra- 
nean erosion  of  the  clays, 
sands,  and  gravels  under 
or  through  which  they 
have  passed.  Waste  so 
constant  cannot  have  con- 
tinued for  a  long  period 
of  time  without  leaving 
evidences  of  its  effects. 

For  instance,  in  Itholl's 
sandpit  (see  fig.    1),  the 
sands     and     gravels    be- 
neath the  Upper  Boulder 
Clay  have  been  proved  for 
30  feet  without  reaching 
the  rock  (Bunter  Pebble- 
beds).     If  the  clay,  sand, 
and  gravel  were  of  a  uni- 
form thickness  across  the 
whole  line  of  section  from 
S.S.E.  to]N'.N.W,,theclay 
would  be  upon  the  horizon 
A— A,  and  the   sand  and 
gravel  should  crop  out  at 
ZJL  instead   of   at  B-B 
It  should  be  noticed  that 
the   height    of    the    clay 
from  ridge  to  ridge  is  uni- 
form throughout,  so  that 
an  observer  at  either  end 
has  an  uninterrupted  view 
across. 

If  A-A  represents  the 
Q.  J.  G.  8.  No.  189. 


ItheU'a  sandpit. 
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former  line  of  junction  of  the  clay  with  the  sands  and  gravels, 
the  latter  must  have  been  removed  to  the  extent  of  the  diflTerenoe 
between  A  and  B,  the  present  outcrop  in  each  valley.  In  valley 
No.  1  the  clay  has  subsided  18  feet,  and  in  valley  No.  2  30  feet. 
The  total  length  of  the  section  is  only  480  yards. 

It  is  characteristic  of  subterranean  erosion  that  itjB  action  is 
lateral ;  .it  is  greatest  at  the  point  of  escape  and  least  at  the  farthest 
distance  from  it,  while  the  interval  between  these  two  extremes 
becomes  an  inclined  plane  of  subsidence.  I  believe  this  fact  accounts 
for  the  occurrence  of  the  present  outcrops  of  the  sands  and  gravels 
in  the  section  at  B-B  instead  of  at  Z-Z,  the  difference  being  the 
measure  of  the  subterranean  erosion  of  the  Drift. 

Subterranean  erosion  is  frequently  intermittent,  and  especially  bo 
if  an  impervious  stratum  rests  upon  a  pervious  one.  Thus  the  accom- 
panying diagram  (fig.  2)  illustrates  a  very  familiar  example.    The 

Fig.  2. 


X.  Clay. 


Y.  Sand  and  Gravel. 


Z.  Bock. 


overlying  clay,  by  the  removal  of  the  sands  and  gravels  between 
A  and  B,  has  brought  down  the  clay  X  upon  the  rock  Z,  eflTectually 
stopping  any  further  subterranean  erosion  until  the  barrier  of  clay 
between  A  and  B  has  been  removed  by  subaerial  denudation. 

The  sands  and  gravels  beneath  the  clay  are  not  eroded  in  a  uni- 
form manner,  the  finer  sands  and  gravels  being  most  easily  removed. 
The  stratification  of  these  beds  is  most  variable,  and  current-bedding 
very  frequent,  this  giving  rise  to  constantly  changing  deposits  of 
light  sands  intermingled  with  beds  of  coarse  sands  and  gravels  on 
the  same  horizon.  In  sandpits  it  may  be  often  observed  that  the 
surface-soil  is  of  very  unequal  depth,  as  in  the  following  diagram- 
•  matic  section  of  Ithell's  sandpit  at  Upton,  Chester  :— 

Fig.  3. 


A.  Surface  soil. 

B.  Boulder  Clay. 


C.  Sand  and  Gravel. 

D.  Bunter  Sandstone  pebblear 
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The  soil  A-A  rested  on  the  undulations  of  the  Upper  Boulder 
Clay  B-B,  and  the  latter  on  the  undulating  surface  of  the  Middle 
Sands  and  Gravels  C-C,  whilst  a  curved  layer  of  local  pebhles  of 
Bunter  Sandstone  (D)  followed  the  curvature  of  the  beds  A,  B,  C. 
These  lines  of  curvature,  so  frequent  at  the  junction  between  the 
Upper  Boulder  Clay  and  the  Middle  Sands  and  Gravels,  have  been 
often,  I  think,  erroneously  interpreted  as  evidences  of  unconformity, 
contemporary  erosion,  or  contortion.  I  venture  to  express  the 
opinion  that  such  appearances  are  in  the  vast  majority  of  instances 
the  results  of  the  subterranean  erosion  of  the  heterogeneous  deposits 
of  the  Glacial  Drift. 

Wliile  I  have  so  far  confined  myself  to  the  subterranean  erosion 
of  the  Drift  sands  and  gravels,  I  do  not  wish  to  be  understood  to 
limit  its  action  to  these  deposits.  I  believe  subterranean  erosion  to 
be  a  factor  capable  of  explaining  many  difficult  problems  not  alone 
in  the  present  but  also  in  the  past,  especially  with  regard  to  the 
formation  of  Coal-beds. 

If  it  be  established  that  the  Drifb  sands  and  gravels  com- 
monly occurring  under  the  Upper  Boulder  Clay  have  been  subject 
to  subterranean  erosion,  thereby  causing  a  lateral  subsidence 
of  the  cl&j,  it  follows  that  in  low-lying  districts  submerged 
Peat-  and  Forest-beds  would  be  the  natural  consequence.  Such 
conditions  do  prevail  along  the  low  belt  of  land  forming  the 
ooasfc-Une  of  the  N.W.  of  England  and  Wales  from  Lancaster  to 
Great  Orme's  Head,  and  submerged  Peat-  and  Eorest-beds  are 
matters  of  common  occurrence.  After  storms  remnants  of  such 
beds  are  often  laid  bare  between  high-  and  low-water  marks  along 
the  whole  of  this  coast,  and  between  the  Bibble  and  the  Dee 
these  exposures  have  been  watched  and  noted  by  careful  observers 
for  many  years.  Perhaps  the  best  sections  are  those  exposed  from 
time  to  time  between  the  Dee  and  the  Mersey,  on  the  Cheshire 
shore  at  Leasowe. 

Mr.  G.  H.  Morton,  in  the  first  edition  (1863)  of  his  « Geology 
oi  the  Country  around  Liverpool,'  gives  a  section  of  the  Peat-  and 
Forest-beds  at  the  locality  mentioned.^ 

The  strong  resemblance  which  Mr.  Morton  remarks  between  the 
Peat-  and  Forest-beds  and  the  Coal  Measures  may  be  due  to  like 
causes  in  the  past  and  present.  In  other  words,  what  will  explain 
the  origin  of  submerged  Peat-  and  Forest-beds  may  also  be  helpful 
in  clearing  away  many  difficulties  in  connexion  with  the  origin  of 
Coal-beds.  Mr.  Morton  further  states  that,  on  *^  approaching  the 
embankment  from  Dove  Point,  the  two  lower  old  Forest-beds 
gradually  amalgamate,  and  then  both  are  represented  by  one  carbo- 
niferous bed,  the  three  feet  of  silt  between  having  thinned  out 
mitillost." 

The  section  given  by  Mr.  Morton  in  his  admirable  second  edition 
(1891)  of  '  The  Geology  of  the  Country  around  Liverpool,*  on  the 
Manchester  Ship  Canal  between  EUesmere  Port  and  Ince  Ferry, 

*  Op.ctY.  p.48. 
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will,  I  think,  throw  much  light  upon 
the  section  at  Dove  Point,  now  un- 
fortunately destroyed  by  the  encroach- 
ments of  the  sea. 

Mr.  Morton  states  that  the  Peat- 
and  Forest-beds  "  occur  in  the  depres- 
sions between  the  rock-exposures,  and 
they  extend  with  little  variation  along 
the  middle ;  but  as  they  approach  the 
sides  and  ascend  the  slopes  they  become 
thinner,  and  gradually  end  before 
reaching  the  rock ''  (p.  265).  He  also 
states  that  "  there  is  frequently  a 
diflference  in  the  height  of  the  peat  on 
opposite  sides  of  the  Canal,  and  con- 
stant indications  of  the  varying  contour 
of  the  old  land-surfaces  ;  but  it  is  evi- 
dent that  those  of  the  rocky  eminences 
have  been  continuous  with  the  lower 
and  upper  beds  of  peat"  (loc.  dt.). 
Having  carefully  watched  the  progress 
of  this  section  of  the  Canal,  I  can 
testify  to  the  accuracy  of  Mr.  Morton's 
observations.  He  has  kindly  allowed 
me  to  make  use  of  this  section  ;  and 
I  am  greatly  indebted  to  him  for  this 
favour,  because  it  enables  me  to  base 
my  explanations  of  the  causes  of  sub- 
merged Peat-  and  Forest-beds  upon 
his  independent  observations.  How- 
ever opposite,  therefore,  my  conclu- 
sions as  to  the  causes  of  submerged 
Peat-  and  Forest-beds  may  be  to  his, 
there  is  no  difference  between  us  as 
to  the  stratigraphical  position  or  de- 
scription of  the  section. 

The  section  of  the  Ship  Canal  from 
EUesmere  Port  to  I  nee  Ferry  is  about 
three  miles  long,  and  is  cut  through 
marshes  forming  the  left  bank  of  the 
Mersey,  into  which  they  drain.  The 
section  exposes  the  solid  basement  upon 
which  the  Glacial  and  post-Glacial 
beds  repose.  Mr.  Morton  gives  the 
following  details  of  the  section  at 
Ince  Ferry : — 
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ft.  in. 

Becent  Brown  and  Blue  Claj  5  0 

{Upper  Peat-  and  Forest-bed 6  0 

Blue  Clay 10  0 

Lower  Peat- and  Forest-bed 1  3 

aiadal  White  sand,  on  Boulder  Olay   10  0 
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On  referring  to  fig.  4,  it  will  be  seen  that  in  the  short  distance 
between  X^  and  Y  the  Peat-  and  Forest-bed  hifurcates  into  Upper 
and  Lower  Peat-  and  Forest-beds,  with  a  wedge-shaped  deposit 
of  Bine  Clay  10  feet  in  thickness  at  Y  and  rapidly  thinning  out 
towards  X'.  Along  the  whole  line  of  section,  at  the  points  X^  to  X'', 
the  Upper  and  Lower  Peat-  and  Forest-beds  become  united,  and  at 
these  places,  it  should  be  noticed,  they  rest  close  upon  the  rock. 

Whatever,  therefore,  was  the  cause  of  the  submergence  of  the 
Peat-  and  Forest-beds  between  X'  and  X^  X'  and  X*,  X"  and  X% 
X'  and  Y,  it  did  not  disturb  the  continuous  growth  of  the  united 
Peat-  and  Forest-beds  at  the  points  X^  to  X'.  The  conclusion  to 
my  mind  is  inevitable  that,  whatever  caused  the  submergence  of 
the  Peat-  and  Forest-beds  in  the  hollows  between  the  bosses  of 
Eunter  Sandstone  could  not  have  altered  the  level  of  the  solid 
basement  of  rock  on  which  the  Peat-  and  Forest-beds  repose.  That 
conclusion  would  require  the  abandonment  of  the  generally- 
accepted  theory  that  post-Glacial  submerged  Peat-  and  Forest-beds 
are  evidences  of  changes  of  level  due  to  a  downward  movement  of 
the  solid  basement  of  rock  upon  which  they  rest.  If  no  such 
movement  has  taken  place,  then  the  operative  cause  must  be  one 
that  coxdd  act  similarly,  yet  independently,  within  the  limited 
area  of  each  rock-basin  between  EUesmere  Port  and  Ince  Ferry. 

It  must  be  borne  in  mind  that  the  Ship  Canal  along  this  line  of 
section  runs  parallel  with  the  Mersey  and  intercepts  the  drainage 
of  the  marshes  into  it.  During  the  construction  of  this  section  of 
the  Ship  Canal  serious  landslips  have  occurred.  They  have  been 
confined,  so  far  as  my  observation  extends,  principally  to  the 
land  side  of  the  cutting,  or  that  side  which  receives  the  drainage 
percolating  from  the  higher  ground  towards  the  Eiver  Mersey. 
Powerful  pumping-eugines  were  stationed  at  short  intervals  and 
kept  working  day  and  night  in  order  to  keep  the  cutting  clear  of 
water.  Have  we  not  here  a  sufficient  explanation  of  the  submerged 
Peat-  and  Forest-beds  ? 

The  mingled  Peat-  and  Forest-beds  increase  in  thickness  towards 
the  centre  of  the  rock-basins  formed  by  the  Bunter  Sandstone 
bosses  of  Ellesmore  Port,  Stanlow  Abbey,  Ince,  and  Ince  Ferry. 
Through  these  four  channels  the  subterranean  drainage  of  the 
land  in  the  rear  of  the  section  escaped  into  the  Eiver  Mersey.  The 
underground  water  must  accumulate  most  in  the  centre  of  each 
rock-basin,  and  consequently  exert  its  greatest  force  in  the  lower 
portions  of  each  hollow,  with  the  result  that  the  mingled  Peat- 
and  Forest-beds  would  increase  in  thickness  towards  the  centre 
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of  eaeh  rock-basin  until  submerged  and  buried  under  the  Blue 
Clay  which  divides  the  Upper  and  Lower  Beds. 

In  brief,  the  stratigraphical  history  of  this  most  interesting 
section  appears  to  me  to  be  as  follows: — The  Lower  Forest-bed 
flourished  upon  Glacial  Drift  very  little  above  the  water-level  of 
the  district.  By  subterranean  erosion  the  level  was  gradually 
lowered  between  the  points  X*  and  X",  X'  and  X*,  X*  and  X*, 
X'  and  Y,  until  the  site  of  the  forest  became  a  peat-morass,  which 
was  eventually  covered  with  Blue  Clay.  The  time  came  when  the 
drainage  was  interrupted  and  subterranean  erosion  ceased;  then 
the  Upper  Forest-bed  spread  out  from  the  points  of  continuous 
growth  (X*  to  X'')  across  each  rock-basin.  It  flourished  until  the 
cause  of  the  interrupted  drainage  was  removed,  when  subterranean 
erosion  again  became  active  and  the  Upper  Forest-bed  sank  below 
the  water-level,  while  peat-mosses  grew  on  its  site,  until  in  turn 
they  were  buried  under  tidal  silt — the  rate  of  subterranean  erosion 
at  present  being  more  rapid  than  the  increase  of  the  thickness 
of  the  peat  by  growth. 

The  principtd  characteristic  of  subterranean  erosion  is  lateral 
subsidence.  Intermittent  action  follows  as  a  natural  consequence. 
This  is  especially  the  case  when  an  impervious  bed  rests  upon  a 
pervious  one,  as  in  fig.  2  (p.  98).  The  liability  of  subterranean 
erosion  to  be  interrupted  along  any  incHned  plane  of  underground 
drainage  is,  in  my  opinion,  the  cause  of  the  bifurcation  of  the 
Peat-  and  Forest-beds ;  while  the  thinning-out  of  the  deposits  which 
separate  them  into  Upper  and  Lower  towards  each  point  of  bifurca- 
tion shows  that  the  subsidence  in  each  case  was  gradual  and  lateral. 

Mr.  T.  Mellard  Eeade  published,  in  the  'Proceedings  of  the 
Geological  Society  of  Liverpool'  for  1871-72,*  a  number  of  very 
valuable  sections  of  the  post-Glacial  deposits  of  Lancashire  and 
CSieshire,  from  which  the  general  tendency  of  Peat-  and  Forest^ 
beds  to  subside  laterally  is  very  obvious.  I  have  omitted  to 
mention  the  numerous  theories  advanced  to  account  for  submerged 
Peat-  and  Forest-beds — not,  however,  from  any  want  of  courtesy 
towards  the  authors.  The  views  I  have  attempted  to  prove  are  so 
contrary  to  current  opinion  upon  this  subject  as  to  constitute  a 
new  departure,  and  should  therefore  be  judged  (I  submit)  inde- 
pendently, according  to  the  facts. 

[Lyell,  in  his  '  Principles,'  vol.  ii.,  described  a  submarine  forest 
at  Bournemouth,  and  attributed  its  position  to  "  the  undermining 
of  the  sandy  strata  on  which  "  it  rested.  He  considered  that  "  the 
sea,  in  its  progressive  encroachments,  eventually  laid  bare,  at 
low  water,  the  foundations  of  this  marshy  ground ;  in  which  case 
much  of  the  sand  constituting  these  foundations  might  have  been 
washed  ottt  by  the  rapid  descent  of  the  fresh  water  through 
them  at  the  fall  of  the  tide."*  My  experience  of  the  N.W.  of 
England  submarine  Forest-beds  is  that  they  became  first  sub- 
mei*ged  by  subterranean  drainage  towards  the  nearest  freshwater 


*  Op.  ctY.  p. 

*  Op.  cit.  12 


et  aeq,  and  plates  ii.-iy. 
2th  ed.  (1875)  vol.  ii.  p.  638. 
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stxeam  at  a  time  when  the  sea  was  bo  far  away  as  to  exercise  no 
influence  due  to  the  rise  and  fall  of  the  tide.  On  the  coasts  of 
Lancashire  and  Cheshire  the  encroaching  sea  has  washed  out  the 
previonsly  submerged  Peat-  and  Forest-beds.  These  submarine 
forests  occur  in  gitu,  rooted  in  solid  Boulder  Clay ;  like  forests 
cannot  now,  however,  thrive  so  near  the  sea.  See  also  the  Rev.  W. 
B.  Clarke's  paper,  Proc.  Geol.  Soc.  vol.  ii.  (1838)  p.  699. 

With  regard  to  the  Axmouth  landslip,  referred  to  by  Mr.  H.  B. 
Woodward  in  the  discussion,  it  was  attributed  to  the  action  of 
<' numerous  springs  issuing  from  the  loose  sand''  (Upper  Green- 
sand),  which  had  '*  gradually  removed  portions  of  it."  ^  According 
to  the  principle  of  subterranean  erosion,  this  landslip  was  caused  by 
the  movement,  particle  by  particle,  of  the  whole  mass  of  quick- 
sand laterally  towards  the  nearest  points  of  escape.  Such  so-called 
"  springs  "  are  an  effect — not  a  cause — of  subterranean  erosion. — 
January  14th,  1892.] 

DisorssiON. 

Prof.  Hull  was  disposed  to  accept  Mr.  Shone's  views  regarding 
the  changes  of  level  of  the  Upper  Boulder  Clay  in  the  district 
referred  to,  and  observed  that  a  similar  view  had  long  since  been 
entertained  to  account  for  the  submergence  of  the  peat  deposits  on 
the  coast  of  the  Wirral  promontory. 

The  Eev.  Edwik  Hill  added  that  the  sinking  of  surface-clay 
from  such  erosion  of  sand  beneath  would  accelerate  denudation  of 
the  surface  of  the  clay.  But  in  beds  deposited  on  an  uneven  sub- 
surface, simple  shrinking  would  produce  a  similarly  uneven  position. 

Mr.  H.  B.  Woodward  mentiooed  that  Conybeare  had  referred  to 
similar  undermining  of  sandy  strata  as  a  chief  cause  of  the  Great 
Landslip  at  Lyme  Begis.  He  asked  the  Author  if  he  had  con- 
sidered the  fact  that  Boulder  Clay  rests  on  an  irregular  surface  of 
the  underlying  strata,  whether  sands  or  clays,  and  often  plunges 
abruptly  into  hollows  excavated  during  its  accumulation. 

Mr.  Shonb,  in  reply,  stated  that  he  thought  the  term  "  subterra- 
nean erosion  "  was  perhaps  preferable  to  "  subterranean  denudation.*' 

He  was  glad  the  Society  had  received  his  conclusions  so  favour- 
ably. He  maintained,  and  had  endeavoured  to  prove,  that  wherever 
water  percolated  through  such  unconsolidated  beds  as  clays,  sands, 
and  gravels  along  an  inclined  plane,  it  was  constantly  carrying  the 
lighter  materials  of  such  strata  towards  the  nearest  point  of  escape. 
The  nearer  the  approach  to  the  point  of  escape,  the  greater  became 
the  power  of  subterranean  erosion.  This  was  more  especially  the 
case  where  clay  rested  upon  sand  and  gravel.  He  believed  it  was 
the  cause  of  that  lateral  subsidence  so  characteristic  of  submerged 
post-Glacial  Peat  and  Forest-beds.  Landslips  were  the  extreme 
rather  than  the  ordinary  effects  of  subterranean  erosion.  He  also 
remarked  that  the  subterranean  removal  of  sands  and  gravels 
frequently  resulted  in  causing  the  appearance  of  contorted  Drift. 

*  LyeU,  •  Principlefl;  12th  ed.  (1876)  vol.  i.  p.  541. 
Q.J.G.S.  No.  190.  I 
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10.  On  the  Plutoiho  Bocks  of  Gababal  Hill  and  Meall  Bbeac. 
By  J.  R.  Daktns,  Esq.,  M.A.,  and  J.  J.  H.  Teall,  Esq.,  M.A., 
F.R,8.,  E.G.S.     (Head  January  27th,  1892.) 

[Gommunioated  by  permisBion  of  the  Director-General  of  the 
Geological  Survey.] 

The  schists  of  the  Southern  Highlands  of  Scotland  have  been 
traversed  in  many  places  by  igneous  rocks.  Sills  and  dykes  are 
widely  distributed  throughout  the  district,  and  here  and  there,  as 
for  example  in  Glen  Tilt,  Glen  Lednock,  and  near  the  head  of 
Loch  Lomond,  extensive  areas  are  composed  of  plutonic  rocks.  Our 
object  in  this  communication  is  to  describe  some  of  the  phenomena 
which  may  be  observed  in  the  last-mentioned  locality. 

The  plutonic  rocks  in  question  form  the  belt  of  high  ground 
stretching  in  a  south-west  direction  from  Inveraman.  They  vary 
considerably  in  chemical  and  mineralogical  composition.  Different 
parts  of  the  mass  can  be  proved  by  the  phenomena  of  veins  and 
inclusions  to  belong  to  slightly  different  periods,  but  regarded  as  a 
whole  it  must  evidently  be  referred  to  one  geological  epoch.  When- 
ever two  portions  in  juxtaposition  are  seen  to  differ  in  age,  the  more 
acid,  so  far  as  our  observations  go,  is  invariably  the  younger.  Thus 
the  veins  are  more  acid  and  the  inclusions  more  basic  than  the 
material  surrounding  them. 

Eather  more  than  half  a  mile  above  Inveraman  tonalite  (quartz- 
diorite)  appears  in  the  bed  of  the  Aman  and  on  each  side  of  the 
stream.  From  this  point  it  extends  in  a  south-westerly  direction  for 
about  2\  miles,  as  shown  on  the  accompanying  map,  and  possesses 
a  fairly  uniform  character.  Garabal  Hill,  south-west  of  Inver- 
aman and  immediately  south  of  the  place  where  tonalite  appears  in 
the  Aman  valley,  is  composed  of  diorite.  In  some  places,  as,  for 
instance,  west  of  Garabal  Hill,  a  sharp  line  can  be  drawn  between 
diorite  and  tonalite,  but  in  other  places  the  transition  from  one  rock 
to  the  other  is  so  gradual  that  it  becomes  impossible  to  draw  such 
a  line  ;  consequently  parts  of  the  area  mapped  as  diorite  between 
Garabal  Hill  and  Loch  Garabal  might  just  as  well  have  been  mapped 
as  tonalite.  On  the  whole,  the  south-eastern  portion  of  the  plu- 
tonic belt  is  more  basic  than  the  north-western. 

Loch  Garabal  is  the  loch  situated  nearly  a  mile  south  of  the 
summit  of  Ben  Damhain.^  Immediately  north-east  of  this  lochan 
there  is  a  small  area  of  ultra-basic  rock  (marked  as  peridotite  on  the 
map).  Another  small  patch  of  similar  rock  occurs  in  the  diorite  north 
of  Garabal  Hill.     The  limits  of  this  rock  are  fairly  well  defined. 

Immediately  north  of  the  first-mentioned  patch  of  ultra-basic 

^  It  has  no  name  on  the  one-inch  map.  On  the  six-inch  map  it  is  designated 
Lochan  Strath  Dubh-uisge  (the  lochan  of  the  Blackwater  Valley),  but  it  is 
better  known,  at' least  to  fishermen,  by  the  name  that  we  haye  adopted. 
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rock  we  enter  upon  the  schist  of  the  country  which  forms  Ben 
Damhain  and  the  district  north  of  the  Arnan  for  several  miles. 
On  the  west  side  of  Ben  Damhain  and  north-west  of  Loch  Garahal 
we  have  a  rock  precisely  like  the  tonalite  of  the  Aman.  This  rock 
becomes  more  basic  northwards,  and  on  the  slope  of  Ben  Damhain 
there  is  a  narrow  band  of  diorite  between  the  schist  and  the  tonalite. 
Westward,  however,  the  tonalite  passes  into  granite  which  finally 
becomes  porphyritic,  owing  to  the  presence  of  large  crystals  of  ortho- 
dase  measuring  often  two  inches  across. 

In  some  places  a  sharp  line  can  be  drawn  between  the  porphyritic 
and  non-porphyritic  granite  or  tonalite,  as  shown  on  the  map, 
but  in  others,  as,  for  example,  west  and  south-west  of  Loch 
Grarabal,  the  porphyritic  character  comes  on  quite  gradually.  The 
tonalite  and  non-porph3rritic  granite  extend  northwards  as  far  as 
the  Allt-na-Lairige,  a  stream  in  Argyllshire  on  a  line  with  that  of 
the  Aman,  but  whose  waters  flow  in  the  opposite  direction.  North 
of  the  AUt-na-Lairige  the  plutonic  mass  consists  entirely  of  porphy- 
ritic granite. 

The  boundary  on  the  east  of  Ben  Damhain  is  a  well-marked  fault. 
In  other  places  the  original  intrusive  junctions  are  often  admirably 
exposed ;  both  granite  and  tonalite  may  be  seen  in  contact  with 
the  surrounding  schists,  and  the  junctions  are  of  the  same  character 
in  both  cases.  That  on  the  east  of  Lochan  Ben  Damhain  may  be 
taken  as  a  type.  As  the  platonic  area  is  approached  veins  of 
tonalite  or  diorite  make  their  appearance ;  these  increase  in  num- 
ber and  interlace  with  each  other  to  such  an  extent  that  masses  of 
schist  become  isolated  in  the  plutonic  rock.  A  farther  advance  in 
the  same  direction  across  the  boundary  shows  that  the  included 
fragments  gradually  disappear. 

As  the  map  indicates,  the  area  occupied  by  granite  is  largely  in 
excess  of  that  occupied  by  diorite.  Taking  the  whole  plutonic  area 
as  amounting  to  12  or  13  square  miles  (say  12^),  10  of  these  are 
occupied  by  granite  and  only  2|  by  diorite.  Diorite,  therefore,  forms 
only  ^  of  the  total  area.  The  area  occupied  by  ultra-basic  rock  is 
exceedingly  small,  amounting  at  the  most  to  ^  square  mile. 

A  consideration  of  the  distribution  of  the  different  types  of  rock 
within  the  area  brings  out  the  fact  that  diorite  is  found  only  near 
the  margin,  and  especially  along  the  south-eastern  margin.  We  have 
never  seen  it  surrounded  by  granite  except  as  small  inclusions.  It 
is  especially  worthy  of  note  that  south  and  east  of  the  main  plutenic 
mass  there  are  several  exposures  of  diorite  entirely  surrounded  by 
schist  and  unaccompanied  by  granite.  Except  along  the  fault,  the 
schist  of  the  country  is  penetrated  by  veins  of  granite  or  diorite,  as 
we  have  already  steted. 

Now,  the  greater  part  of  Ben  Damhain  and  the  southern  slope  of 
Troisgeach  are  occupied  by  a  peculiar  type  of  schist.  The  special 
character  of  this  schist  is  the  occurrence  of  patehes  of  felspar  fre- 
quently about  the  size  of  peas.  These  often  weather  out  as  roundish 
lumps  and  give  the  rock  somewhat  the  appearance  of  a  pebbly  grit. 
That  the  felspars  are  not  really  pebbles  is  proved  by  their  irregular 
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outlines  under  the  microscope  and  the  fact  that  they  contain  the 
other  constituents  of  the  rock  as  inclusions.  No  doubt  they  have 
been  developed  in  situ, 

Andalusite  is  found  in  certain  places  to  be  a  constituent  of  this 
peculiar  rock,  and  may  with  some  confidence  be  attributed  to  contact- 
metamorphism.  This  naturally  suggests  the  conclusion  that  the 
felspars  are  also  the  result  of  the  same  action ;  but,  as  telling  against 
this  view,  we  haye  to  note  that  the  felspathic  character  of  the  schist 
is  most  pronounced  at  some  little  distance  from  the  outcrop  of  the 
plutonic  rock,  that  it  dies  out  westward  as  one  approaches  the 
granite,  and  that  nothing  of  the  kind  has  been  observed  along  the 
sixteen  miles  of  boundary  extending  from  the  AUt-na-Lairige  west 
of  Meall  nan  Caora,  down  and  across  Glen  Fine,  and  so  round  by 
the  southern  margin  to  Garabal  Hill.  These  difficulties  in  the  way 
of  accepting  the  view  that  the  felspathic  schist  is  due  to  contact- 
metamorphism  may  possibly  be  removed  by  taking  into  consideration 
the  varying  character  of  the  original  rock,  and  the  course  of  the 
plutonic  rock  beneath  the  surface;  but,  as  we  have  no  further 
evidence  on  these  points,  we  must  leave  the  question  at  present 
undetermined.  One  other  point  may,  however,  be  mentioned  in 
this  connexion.  The  area  occupied  by  this  peculiar  type  of  schist 
is  characterized  by  excessive  folding.  The  detailed  mapping  of 
certain  well-marked  bands  along  Troisgeach  and  the  western  side 
of  Ben  Damhain  has  proved  that  actual  inversion  has  been  produced 
in  certain  places. 

The  prevailing  structure  of  the  plutonic  rock  is  granitic,  but  at 
one  point  on  the  north  side  of  Loch  Garabal,  near  the  junction  of 
tonalite  and  schist,  a  gneissose  structure  may  be  observed.  The 
planes  of  foliation  curve  round  included  fragments,  and  the  longest 
diameters  of  the  fragments  correspond  in  direction  with  the  general 
trend  of  the  foliation.  There  is  no  evidence  that  any  portion  of  the 
plutonic  rock  has  been  afiected  by  the  earth-movements  which  have 
operated  so  powerfully  upon  the  schists,  and  wo  may  therefore, 
with  much  confidence,  attribute  the  foliation  in  this  case  to  move- 
ments  anterior  to  final  consolidation. 

Taking  all  the  facts  into  consideration,  there  seems  no  escape 
from  the  conclusion  that  we  have  in  this  area  the  record  of  a  series 
of  events  connected  with  the  consolidation  of  a  vast  subterranean 
reservoir  of  molten  rock.  Having  regard  to  the  whole  mass,  it 
seems  probable  that  the  process  was  a  continuous  one ;  but  if  we 
consider  only  certain  limited  portions  it  was  unquestionably  discon- 
tinuous, for  more  acid  material  has  frequently  found  its  way,  in 
the  form  of  veins,  into  already  consolidated  rocks  of  a  more  basic 
character.  The  complex  includes  rocks  which  range  in  composition 
from  ultra-basic  to  acid.  The  ultra-basic  rocks  are  represented  by 
wehrlites  (olivine-diallage  rocks),  picrites  (olivine-augite  rocks), 
serpentine  (possibly  representing  dunites,  saxonites,  and  Iherzo- 
lites),  and  finally,  a  peculiar  rock,  to  which  it  is  difficult  to  give  a 
definite  name,  consisting  essentially  of  enstatite,  diallage,  brown 
hornblende,  and  biotite. 
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The  acid  rocks  are  represented  by  porphyritic  and  non-porphyritic 
biotite-granites.  Between  the  two  extremes  we  have  numerous 
intennediate  yarieties  which  may  be  grouped  under  such  terms  as 
aogite-diorite,  diorite,  tonalite  (quartz-mica-diorite),  and  hornblende- 
biotite-granite. 

The  first  rocks  formed  were  peridotites ;  then  followed  diorites, 
tonalites,  and  granites,  in  the  order  of  increasing  acidity.  The  most 
acid  rock  known  occurs  as  narrow  veins  ia  the  granite  and  tonalite. 
Jt  consists  of  felspar  and  quartz,  and  is  almost  entirely  devoid  of 
ferro-magnesian  constituents. 

Pacts  similar  to  those  referred  to  in  this  communication  may,  as 
we  have  already  stated,  be  observed  in  other  parts  of  the  Southern 
Highlands.  Thus,  in  the  classic  area  of  Qlen  Tilt  there  is  a  mass  of 
plntonic  rock  whidi  is  partly  acid  and  partly  basic  in  character. 
As  a  rule  the  one  type  passes  gradually  into  the  other — ^granite 
merges  into  diorite — ^but  occasionally  one  rock  veins  the  other,  and 
when  this  takes  place,  the  granite  is  always  seen  to  be  the  younger 
of  the  two. 

In  the  opening  paragraph  of  this  paper  we  referred  to  the  dykes 
and  sills  which  abound  in  many  parts  of  the  Southern  Highlands. 
These,  like  the  great  plutonic  masses,  range  in  composition  from 
acid  to  basic ;  so  that  we  are  compelled  to  include  most  of  them 
under  the  general  and  ill-defined  term,  lamprophyre.  With  the 
exception  of  some  of  the  felsitic  dykes,  which  are  seen  to  issue  from 
the  granite,  it  is  impossible  to  trace  these  lamprophyres  to  their 
source  ;  but,  looking  at  the  general  parallelism  of  the  phenomena 
presented  by  the  dykes  and  the  plutonic  masses,  we  feel  convinced 
that  they  are  both  parts  of  the  same  series  of  events. 

WewiU  now  proceed  to  describe  the  physical,  mineralogical,  and 
chemical  characters  of  the  principal  rock-types. 

1.  Specific  GrRAVirr. 

The  specific  gravity  of  the  principal  rock-types  is  given  iu  the 
following  list.  It  must  of  course  be  remembered  that .  the  specific 
gravity  of  the  peridotites  has  been  reduced  by  serpentinization. 

Serpentine,  north-east  of  Loch  Garabal,  2'76. 

Augite-serpentine  rock,  north-east  of  Loch  Garabal,  3'32. 

Diallage-olivine-serpentine  rock,  north-east  of  Loch  Garabal,  3'00. 

Enstatite-augite-homblende-biotite  rock,  north-east  of  Loch  Ga- 
rabal, 3' 15. 
.    Augite-diorite,  north-east  of  Loch  Garabal,  3*04. 

Diorite,  west  side  of  Ben  Damhain,  2*96. 

Augite-diorite  (much  plagiodase),  north-east  of  Loch  Garabal, 
2-81. 

Quartz-mica-diorite  (tonalite),  south-west  of  Ben  Damhain,  2*76. 

Homblende-granitite,  junction  with  porphyritic  granite,  hill 
south  of  Allt-na-Lairige,  IjJ  mile  from  head  of  burn,  2'67. 

Porphyritic  granite,  hill  south  of  Allt-nar-Lairige,  1j|  mile  from 
head  of  bum,  2-62. 

Euiite,  vein  in  tonalite,  S.W.  side  of  Ben  Damhain,  2'59. 


Digitized  by  VjOOQ IC 


108  KE6SBS.  J.  B.  DA£Y17B  AND  J.  J.  H.  TEALL  OX  THE 

2.   COLOXTS  AJXD  TSZTTBE. 

The  texture  of  the  rocks  is  granitic.  Colour  varies  from  black  in 
the  peridotites  and  serpentines  to  nearly  white  in  the  thin  veins  of 
eurite.  The  general  colour  of  any  intermediate  rock  is  of  course 
determined  by  the  relative  abundance  of  the  ferro-magnesian  and 
felspathic  constituents.  The  grain  of  the  rocks  is  in  most  cases 
sufficiently  coarse  to  enable  the  individual  constituents  to  be  easily 
recognized.  The  orthoclase  of  the  granites  is  of  a  pale  flesh  colour. 
The  granite  with  large  crystals  of  orthoclase  is  the  only  rock  which 
is  distinctly  porphyritic  ;  for  the  tonalites,  -diorites,  and  peridotites 
are  composed  of  individuals  having  fairly  uniform  dimensions.  A 
pseudo-porphyritic  aspect  is  given  to  some  of  the  peridotites  by 
the  serpentinization  of  the  olivine. 

3.   MiNEBALOGICAL  CoXPOSITIOK. 

The  following  minerals  enter  into  the  composition  of  these 
rocks : — 

(a)  Essential  Minerals,    Iron   ore,  olivine,  enstatite,  augite, 

diallage,  hornblende,  biotite,  plagioclase,  orthoclase,  micro- 
cline,  quartz. 

(b)  Primary  Accessories.  Sphene,  apatite,  zircon. 

(c)  Secondary  Accessories.  Serpentine,  epidote,  chlorite,  mica. 

(a)  Iron  Ore, — In  the  ultrar-basic  rocks  the  iron  ore  occurs  mainly 
in  the  anastomosing  strings  which  traverse  the  olivine.  It  has  no 
direct  connexion  with  the  process  of  serpentinization,  for  it  is 
found  alike  in  the  perfectly  fresh  and  in  the  altered  mineral.  The 
distribution  of  these  veins  in  the  serpentuiized  rocks  is  a  valuable 
criterion  for  the  estimation  of  the  amount  of  olivine  originally 
present.  Apart  from  the  veins  in  the  olivine,  we  find  iron  ore 
occurring  as  allotriomorphic  grains  and  more  rarely  as  crystals 
(octahedra).  In  one  or  other  of  these  forms  it  is  present  in  all 
rocks,  but  it  is,  of  course,  far  more  abimdant  in  the  basic  than  in 
the  add  rocks.  In  the  latter  it  can  only  be  regarded  as  an  un- 
important accessory. 

The  general  absence  of  titanic  acid,  or  its  presence  only  in  very 
minute  quantities,  has  been  established  by  chemical  analysis,  so 
that  the  iron  ore  must  be  non-titaniferous. 

Iron  ore  may  occur  as  inclusions  in  any  of  the  other  constituents, 
and  it  is  the  only  mineral  present  in  these  rocks  of  which  this 
can  be  said. 

Olivine. — This  mineral  is  present  in  the  form  of  colourless,  allotrio- 
morphic grains,  generally  more  or  less  serpen tinized,  but  in  a  few 
cases  perfectly  fresh.  The  serpentinization  of  olivine  has  been  so 
frequently  described  that  no  detailed  account  of  it  is  necessary  on 
the  present  occasion.  It  is  of  a  perfectly  normal  character.  The 
anastomosing  veins  of  magnetite  have  already  been  described.  In 
addition  to  these  we  find  occasionally  in  the  centre  of  an  unalt/Ored 


Digitized  by  VjOOQ IC 


PLUTOSIG  BOCKB  OF  eABABAL  HILL  AKP  VHALL  BBBAC.  109 

grain  of  colourless  olivine  a  small  patch  which  is  rendered  dondy 
by  the  presence  of  innnmerable,  minnte,  dust-like  particles,  thickly 
scattered  throngh  the  clear  oHvineHsubstance.  Olivine  has  been 
ibnnd  only  in  the  highly  basic  rocks.  Some  of  the  serpentines  have 
been  formed  by  the  alteration  of  rocks  composed  almost  entirely 
of  this  mineral.  Indusions  of  olivine  occur  in  the  other  ferro- 
magnesian  constituents.  Iron  ore  is  the  only  mineral  found  in 
the  olivine  itself. 

JEngtatite. — This  mineral  has  been  observed  only  in  one  pr  two  of 
the  altra-basic  rocks.  It  is  fresh  and  for  the  most  part  free  from 
inclusions.  The  characteristic  pleochroism  is  well  seen,  but  the 
colours  are  not  strong.  The  mineral  is  allotriomorphic  with 
respect  to  oKvine,  but  idiomorphic  with  respect  to  brown  horn- 
blende and  biotite. 

Augiie  and  Diallage. — In  the  ultrarbasic  rocks  this  mineral  is  pale 
brown  in  thin  section.  Prismatic  and  sometimes  also  pinacoidal 
cleavages  are  well  developed.  Parallel  rows  of  minute  rod-like 
inclusions  are  present  in  some  sections.  Cross-sections,  giving  the 
prismatic  cleavages  and  showing  the  characteristic  interference- 
Hgure,  are  sometimes  seen  to  contain  two  rows  of  inclusions  making 
angles  of  45^  with  the  cleavages  and  at  right-angles  to  each  other. 

In  addition  to  the  pale  brown  pyroxene  of  the  ultra-basic  rocks 
we  find  also  a  pale  green  minersd  in  the  augite-diorites.  This 
variety  is  generally  bordered  irregularly  by  green  hornblende. 
The  augite  occurs  usually  in  allotriomorphic  grains.  Twinning  is 
not  uncommon,  and  sometimes  indications  of  idiomorphism  have 
been  observed. 

Hornblende. — ^Two  varieties  are  represented,  brown  hornblende 
in  the  ultrarbasic  rocks  and  green  hornblende  in  the  intermediate 
and  acid  rocks. 

The  brown  hornblende  is  generally  allotriomorphic,  especially 
with  reference  to  olivine  and  pyroxene.  It  is  sometimes  seen  to 
be  idiomorphic  with  respect  to  plagiodase. 

Pleochroism.^ 

a  (Dp)  pale  browm 
/S  (n«)  brown. 
y  (Ug)  rich  brown. 

Green  hornblende  occurs  as  allotriomorphic  grains  and  also  as 
crystals.  Perfect  idiomorphism  is  very  rare  and  has  been  observed 
ody  in  certain  basic  inclusions  in  the  granite ;  but  traces  of  the 
forms  {110^  and  {010}  are  not  uncommon  in  the  tonalite. 
Twinning  of  the  normal  type  is  fairly  common. 

Pleochroism. 

a  (np)  pale  green  or  brown. 
P  (Da)  brownish  green. 
7  M  g'oen. 
Iron  ores,  apatite,  zircon,  and  sphene  occur  as  inclusions. 

^  a»  /9,  and  y  stand  respectiTely  for  the  greatest,  mean,  and  least  axes  of 
clastieity.    The  notation  in  parenUieees  is  that  now  used  by  French  authors. 
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Biotite. — There  are  two  varieties  of  dark  mica  corresponding  with 
the  two  varieties  of  hornblende.  Both  are  nearly  uniaxial.  The 
biotite  of  the  ultra-basic  rocks  occurs  in  large  ragged  plates,  con- 
taining inclusions  of  olivine. 

FleochroiBm. 

y  (Og)     rich  reddish  brown. 

The  biotite  of  the  intermediate  and  acid  rocks  occurs  in  small 
plates,  several  of  which  are  frequently  grouped  together.  It  rarely 
shows  definite  crystallographic  outlines. 


Fleochroism. 
lie  brown. 
y  (og)     very  dark  brown,  almost  opaque. 


?&i}p»>« 


There  is  an  absence  of  the  red  tinge  which  is  characteristic  of 
the  biotite  of  the  basic  rocks.  Chlorite  containing  grains  of  epidote 
arises  as  the  result  of  the  alteration  of  biotite. 

Plagioclase. — Amongst  the  ultr^-basic  rocks  this  mineral  has  been 
observed  only  in  the  enstatite-augite-homblende-biotite  rock.  It 
plays  the  role  of  groundmass  and  serves  to  bind  together  the 
ferro-magnesian  constituents,  so  that  they  weather  out  as  knots.  A 
section  through  one  of  these  knots  shows  a  few,  apparently  isolated 
patches  of  twinned  plagiodase,  having  the  same  optic  orientation 
over  a  large  area.  Notwithstanding  the  fact  that  the  knots  may 
measure  as  much  as  three  quarters  of  an  inch  in  diameter,  the  actual 
amount  of  felspar  present  is  very  small  in  comparison  with  that  of 
the  ferro-magnesian  constituents.  In  the  granitic  rocks  the  plagior 
clase  shows  a  tendency  to  idiomorphism,  and  this  is  especially  the 
case  when  it  is  in  contact  with  quartz  or  microcline.  Broad  lath- 
shaped  sections,  terminated  by  well-developed  cr^^stallographic 
planes  meeting  in  salient  and  re-entering  angles,  may  occasionally 
be  observed  where  felspar  is  in  contact  with  interstitial  quartz. 

Orthoclase  and  Microcline, — ^The  potash-felspar  occurs  in  crystals, 
crystal  fragments,  and  allotriomorphic  grains.  The  large  crystals 
of  the  porphyritic  granite  are  often  Carlsbad  twins  having  the  forms 
{110},  {001},  {010},  and  {101}.  In  thin  section  a  zonal  structure 
is  frequently  seen.  Sphenc,  iron  ores,  hornblende,  biotite,  and 
oligoclase  occur  as  inclusions  in  the  porphyritic  crystals,  and  iron 
ores,  sphene,  and  apatite  may  be  seen  as  inclusions  in  the  horn- 
blende which  is  itself  included.  Microcline  plays  the  role  of 
groundmass  in  some  of  the  more  acid  rocks. 

Qtiartz, — ^This  mineral  is  present  in  fairly  large  irregular  patches 
having  uniform  optic  orientation  (interstitial  quartz),  as  aggregates 
of  allotriomorphic  grains,  and  as  a  constituent  of  micro-pegmatite. 
It  contains  minute  cavities,  some  of  which  carry  movable  bubbles. 
The  inclusions  are  sometimes  arranged  in  planes  which  may  be 
followed  from  one  grain  to  another.     Most  of  tiie  cavities  containing 
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bubbles  appear  to  be  scattered  irregularly  througb  tbe  grains,  not 
grouped  along  secondary  planes. 

Interstitial  quartz  is  found  in  the  more  basic  of  the  intermediate 
rocks,  and  granular  quartz  in  the  acid  rocks.  Micro-pegmatite  and 
granular  quartz  are  found  in  the  veins  of  eurite.  A  small  quantity 
of  micro-pegmatite  is  also  found  in  some  of  the  rocks  of  intermediate 
composition.  In  this  case  it  forms  tufts  on  the  margins  of  oligo- 
clase,  and  the  felspar  associated  with  the  quartz  is  twinned  like  that 
of  the  main  grain  or  crystal  to  which  the  tuft  is  attached. 

(b)  Primary  Accessories. — Apatite  is  absent  from  the  ultrarbasic 
roc^,  but  occurs  in  all  the  other  members  of  the  series.  Well- 
formed  prisms  terminated  by  the  basal  plane  are  not  uncommon. 
Sphene  is  present  in  two  forms :  as  colourless  grains  -zoning  iron  ores 
in  the  augitordiorites,  and  as  brown  pleochroic  crystals,  giving  the 
lozenge-shaped  sections  due  to  the  form  {123},  in  the  tonalites  and 
granitites.  Minute  crystals  of  zircon  are  not  uncommon  in  the 
intermediate  and  acid  rocks.  They  occur  as  short,  doubly  terminated 
prisms,  rich  in  crystal-faces. 

(c)  Secondary  Accessories, — Serpentine  arises  as  a  result  of  the 
alteration  of  olivine.  Epidote  and  chlorite  have  been  formed  in 
connexion  with  the  alteration  of  biotite,  and  possibly  also  horn- 
blende. The  felspars  have  been  more  or  less  altered  in  certain 
rocks,  and  whenever  the  alteration-product  is  capable  of  resolution 
it  is  seen  to  consist  of  minute  iuterlacing  scales  of  mica. 

The  distribution  of  minerals  in  the  rocks  which  have  been 
examined  microscopically  is  represented  in  the  following  Table 
(p.  112).      • 

The  Table  merely  gives  the  qualitative  composition  of  the 
rocks  examined.  It  does  not  indicate  the  relative  abundance 
of  the  different  minerals.  If  this  were  done  the  evidence  of  a 
transition  from  the  ultra-basic  to  the  acid  rocks  would  be  stjt)ngly 
emphasized.  Nevertheless,  it  must  be  borne  in  mind  that  the 
area  as  a  whole  appears  to  be  relatively  poor  in  typical  basic 
rocks — that  is,  in  rocks  containing  about  50  per  cent,  of  silica. 
Gabbros,  which  are  so  common  in  some  plu tonic  areas,  are  here  con- 
spicuous by  their  absence.  The  basic  rocks  in  this  district  are  re- 
presented by  augite-diorites.  It  is  instructive  to  compare  the  general 
distribution  of  the  different  minerals  in  the  different  rocks.  For 
this  purpose  it  is  convenient  to  arrange  the  rocks  in  the  order  of 
specific  gravity,  which,  of  course,  corresponds  very  closely  with  that 
of  silica-percentage,  if  we  make  allowance  for  the  reduction  of 
specific  gravity  consequent  on  serpen tinization.  Then,  commencing 
with  the  most  basic  rocks  and  proceeding  through  the  series,  we 
observe  that  as  olivine  dies  out  pyroxenes  increase  in  importance. 
These  in  turn  are  replaced  by  hornblende  and  biotite.  Next  the 
hornblende  decreases  relatively  to  the  biotite,  and  finally,  in  the 
eurite-veins,  the  ferro-magnesian  silicates  have  in  places  entirely 
disappeared.  If  we  turn  to  the  quartzo-felspathic  constituents,  and 
consider  their  distribution  in  the  same  way,  we  see  that  plagioclase 
first  makes  its  appearance;  then  follows  orthoclase,  and  lastly 
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Table  illustrating  the  Mineralogical  Composition 
of  the  kocks. 


a 

A 

c. 

M 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 

0 

5 

1 

5 

1  i 

f^ 

1:1 

1 

s 
•a 

CD 

i 

1 

N 

e 

1 

X 
X 

1' 

1 

1 
\ 

■is 

1 

2  

3  

4  

6* 

6  

7* 

8  

9  

10  

11  

12* 

13  

14  

16  

16  

17  

18* 

19  

20* 

21* 

22  

23  

24  

26* 

...I...I 

j 

X 

X 
X 
X 
X 

? 

Y 

V 

-.   X 

x'x 

X    ^ 

1 

X 
X 

Y 

X  ... 

...... 

\'" 

1... 

...  X 
X  X 
X  ... 
X  ... 
...  X 

...|x 
x'  ^ 

1 

1 

1 

X 

X 

X 

Y 

I 

1 

X 

X 
X 

1 

x|...| 

......1 

X  X' 

1 

x!x 

XX 

...  X 

X  X 
XjX 

x:x 

xix 
x'x 
xix 

X  X 
X   X 

xix 

X   ^ 

V 

...  X 

[ 

X 

y 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

^ 

X 

...  X 

1 

xi^ 

X 

x'x 

...  X 

X  ... 

X 
Y 

... 

■ 

X 
Y 

x.x 

XX 

xix 
xix 

...  X 

X  ... 
X  ... 

x... 

x|... 
xL. 

X  ... 

X 
X 
X 
X 
X 
Y 

V 

X  X 

...Ix 
xix 
x!x 
X   X 
X   X 
X   X 
X   X 
XiX 

1     y 

X 

X 

.     '         V 

...  X 

... 

X 

xix 

...  X 

, 

X 
X 
X 

X 
X 

Y 

X  ...|X 

X  ...  X 
X  XiX 
XiXjX 

X  ..    V 

X 
X 

X 
X 

... 

x'x 

1 

...x 

...  X 

...  X 

X   X 

X 

'  1 

A|... 

1 

i-    1 

! 

The  rocks  which  have  been  analysed  are  indicated  by  asterisks. 


Digitized  by  LjOOQ IC 


PLUIOKIC  BOCJKS  OT  Qk^ABAJL  HIIX  ASn  VJtAJJA  BBS^C.  ltd 


^4041^    1.  Serpentine.    North-east  of  Lboh  Gkrabal. 

(40173    ^  Serpentine  with  thin  Yeins  of  chrysotUe.    Same  locality. 

(4018)  3.  Augite-serpentine  rock;  altered  picrite  (Boeenbuach).    North-east 

of  Loch  Garabal. 

(4019)  4.  Oliyine-diallage-aerpentine  rock;    altered   wehrlite  (Boeenbusch). 

North-east  of  Loch  GbrabaL 

(4020)  5.  OliTine-diallage   rock,    partly    serpentinized ;     altered    wehrlite. 

North-east  of  Loch  C^arabaL 

(4021)  6.  Augite-diorite.    North-east  of  Loch  Gkrabal. 

(4022)  7.  Enstatite-diallaee-homblende-biotite-oliyine    rook.      Looee    block. 

North-east  of  Loch  (3kirabal. 

(4023)  8.  Knot  in  the  above. 

(4025)  9.  Augite-diorite.    W.  side  of  Ben  Damhain. 

(4024)  10.  Biotite-diorite.    North-east  of  Loch  Oarabal. 

(4026)  11.  Biotite-diorite.    i  mile  N  J!,  of  Loch  Gbrabal. 

(4028)  12.  Biotite-diorite.     W.  side  of  Ben  Damhain. 

(4029)  13.  Biotite-diorite.    £.  of  Looh  Ghirabal. 

i^OSO)  14.  Biotite-diorite.    i  mile  south  of  Loch  Damhain. 
4027)  15.  Quartz-biotite-diorite  (Toualite).    North-east  of  Looh  (^kirabal. 
(4031)  16.  Homblende-granitite.     Head  of  Allt-na-LairiKe. 
(4082)  17.  Homblende-granitite.     Near  junction  with  schist  on  the  south  side 

of  Ben  Damhain. 
(4033)  18.  HomUende-granitite.    South-west  of  Ben  Damhain. 
(1035)  19.  Tonalite  or  homblende-granitite.     }  mile  up  Araan  Bum. 
(4036)20.  Homblende-granitite.      Hill  S.  of  Allt-na-Lairige ;  near  junction 

with  porphyritio  granitite. 
(4037)  21.  Porphyritic  granitite.    Same  locality. 

i4038)  22.  Porphyritic  granitite.    Near  the  head  of  Allt-na-Lairiffe. 
4034)  23.  Lentide  in  porphvritic  granitite.    Near  the  head  of  AlIt-na-Lairige* 

(4039)  24.  Granitite.     1^  mile  from  the  head  of  Allt-na-Lairige. 

(4040)  25.  Eurite.    Vein  in  homblende-granitite  or  tonalite.     South-west  side 

of  Ben  Damhain. 

(The  numbers  in  parentheses  are  those  of  the  Survey  Collection.) 
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xnicrodine.  Qaarfcz  comes  in  with  orthodase.  We  may  therefore 
arrange  the  essential  minerals  in  the  following  order,  based  on  their 
distribution  in  the  different  types  of  rock  in  which  they  are  most 
important : — 

Olivine. 

Pyroxene. 

Hornblende. 

Biotite. 

Plaffioolafle. 

Ortnoclaee  and  quarts. 

Microcline. 

It  is  instructive  to  note  that  when  the  minerals  pyroxene,  horn- 
blende, biotite,  plagioclase,  microcline,  and  quartz  make  their  first 
appearance,  they  play  the  role  of  groundmass ;  in  other  words,  they 
are  allotriomorphic  or  ophitic  with  respect  to  the  other  constituents.' 
It  is  only  when  a  mineral  has,  so  to  speak,  established  itself  as 
an  important  constituent  that  it  begins  to  show  traces  of  idio- 
morphism.^ 

This  leads  us  to  consider  another  point  of  great  interest :  namely, 
the  order  of  formation  of  minerals  in  individual  rocks. 

The  determination  of  this  order  Ib  based  on  a  consideration  (1)  of 
the  inclusions,  and  (2)  of  the  relative  perfection  of  crystalline  form  in 
the  different  constituents.  If  the  minerals  in  any  rock-specimen 
resulted  from  the  consolidation  of  a  magma  having  the  same  com- 
position as  the  specimen,  and  if  the  minerals  separated  out  one  after 
the  other,  each  having  its  own  definite  period,  there  would  be  no 
difficulty  in  determining  the  order  in  unaltered  rocks.  These  con- 
ditions, however,  and  especially  the  latter,  are  rarely  realized.  Two 
minerals  may  be  both  idiomorphic  and  allotriomorphic  with  respect 
to  each  other  in  the  same  rock. 

The  facts  indicate  that  the  only  order  we  can  establish  is  that  in 
which  the  different  constituents  commenced  to  form.  We  may  sup- 
pose that  the  whole  period  covered  by  the  process  of  consolidation  of 
the  rock  is  divided  into  a  number  of  shorter  periods,  duriilg  which 
each  of  the  individual  constituents  was  separating  out.  These 
shorter  periods  overlap,  and  it  is  this  overlapping  which  tends  to 
obscure  the  operation  of  the  natural  law.  The  overlapping  reaches 
its  maximum  in  the  plutonic  rocks. 

If  now  we  consider  the  most  basic  rocks  we  find  that  iron  ores 
preceded  olivine,  olivine  preceded  pyroxene,  pyroxene  preceded 
hornblende  and  biotite,  and  all  the  ferro-magnesian  constituents 
preceded  plagioclase.  Prom  the  other  rocks  in  the  series  we  may 
infer  that  plagioclase  preceded  orthodase,  microdine,  and  quartz. 
We  obtain  then  the  following  as  the  order  in  which  the  principal 
constituents  commenced  to  form  : — 

^  This  is  well  seen  as  regards  pyroxene  in  4020 ;  biotite  and  hornblende  in 
4022 ;  plagiodase  in  4023 ;  microdine  in  4034 ;  quartz  in  4027.  See  page  112, 
mtpra. 

^  This  remark  applies  only  to  those  minerals  which  enter  laigely  into  the 
composition  of  the  rocks. 
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Ironons. 

Olivine. 

Pyroxene. 

Hornblende. 

Biotite. 

Plaeiodaae. 

Ortnodase,  microcline,  and  quartz. 

These  minerals  are  not  all  present  in  any  one  rock,  but  by  piecing 
together  the  evidence  famished  by  different  rocks  we  can  establish 
the  general  order  for  the  entire  group. 

Now  it  will  be  seen  at  once  that  there  is  a  striking  resemblance 
between  the  order  in  which  the  minerals  commence  to  form,  and 
their  general  distribution  in  the  different  kinds  of  rock.  This  fact 
will  be  referred  to  again  after  the  chemical  composition  of  the  rocks 
has  been  described. 

So  far  we  have  been  referring  to  the  essential  minerals.  The 
accessory  minerals,  sphene,  apatite,  and  zircon,  are  absent  from  the 
ultra-basic  rocks,  but  they  occur  in  the  other  members  of  the  group. 
They  are  often  idiomorphic,  and  they  are  present  as  inclusions  in 
the  other  minerals  with  which  they  are  associated.  If  we  regard 
the  whole  area  as  the  result  of  the  consolidation  of  a  large  plutonic 
reservoir,  this  would  indicate  that,  although  they  are  the  &:st  to  form 
in  a  magma  having  the  composition  of  the  rocks  in  which  they 
occur,  tbey  were  not  the  first  to  form  in  the  original  magma. 

4.  Chemical  Covposition. 

Owing  to  the  great  kindness  of  Mr.  Player,  we  are  able  to  give  a 
cries  of  analyses  of  typical  specimens. 

L  n.  IIL  IV.  V.  TL         VII. 

8iO,  38-6         46-0         475  62-6         62-3  66-6         75-8 

AljOg 3-7  6-8         15-6         17-7  186         17-4         18-7 

CrA 1  -2  1 

Pe»0, 7-6  3-0  2-6  12  1-6  11  -5 

PeO    7-8  7-5  71  33  30  2-1  3 

CaO    7-7  81  9-8  46  43  22  5 

MgO  27-7  23-9  11-7  34  2*6  12  trace 

NisO -8  1-4  2-5  1-9  31  19 

KaO   '2  -9  1-5  3-7  4-8  4-6  6-6 

Loasonignition6-4  2*4  24  '7  *6  '9  -3 

99-8         99-6  997  997  995         99-2  99-6 

Sp.Gr 300         315         2-96  2-76  2-67  2-62         259 

L    (5).  Olivine-diallage  rock;   partly  serpentinized.    North-east  of  Loch 
Garabal. 
II.    (7).  Enstatite-diaUage-homblende-biotite-olivine   rock.       Loose    block. 

North-east  of  Looh  Garabal. 
m.  (12).  Biotite-diorite.    W.  side  of  Ben  Bamhain. 
IV.  (18).  Homblende-graniUte.    South-west  of  Ben  Damhain. 
V.  (20).  Hornblende-granitite.    Hill  south  of  Allt-na-Lairige ;  near  junction 

with  porphyritic  granitite. 
VL  (21).  Porphyritic  granitite.    Same  locality. 

Vn.  (25).  Eurite.    Vein  in  hornblende-granitite  or  tonalite.    South-west  side 
of  Ben  Damhain. 
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The  diagram  facing  this  page  expresses  the  molecular  relations  of 
the  different  bases  and  silica  according  to  the  method  employed  by 
Mr.  Iddings.^ 

Molecular  proportions  of  silica  are  represented  by  the  absdsBie ; 
those  of  the  bases  by  ordinates.  The  scale  for  the  ordinates  is 
three-fourths  of  that  for  the  abscissae,  and  the  distance  between  t^w^o 
of  the  ordinates  (lY.  and  Y.)  is  somewhat  exaggerated.  The  diagrani 
enables  us  to  follow  the  changes  in  the  relative  molecular  proportions 
more  conveniently  than  the  table  of  analyses. 

As  the  silica  increases  magnesia  falls  from  a  very  high  position, 
in  the  peridotites  to  almost  nothing  in  the  eurite-veins.  The  fall 
is  not,  however,  uninterrupted.  Two  rocks  very  close  together  as 
regards  amount  of  silica  (lY.  and  Y.)  differ  in  a  manner  opposed  to 
the  general  law. 

lime  first  rises  and  then  falls.  After  the  fall  has  set  in»  it  acts 
in  sympathy  with  magnesia;  a  local  rise  occurring  at  the  same 
time  in  both  constituents.  Both  ferrous  and  ferric  iron  fall  on  the 
whole,  but  there  is  a  local  rbe  corresponding  to  the  local  rise  in 
magnesia. 

Alumina  rises  and  then  falls,  but  not  to  any  marked  extent. 
There  is  a  rapid  local  fall  corresponding  with  the  abnormal  rise  in 
lime,  iron,  and  magnesia.  It  is  clear  that  the  ferro-magnesian  con- 
stituents are,  relatively  to  the  felspathic  constituents,  more  abundant 
in  lY.  than  in  Y. 

Soda  rises  and  then  falls.  Its  maximum  is  considerably  to  the 
right  of  that  for  lime.  Potash  rises  throughout  the  series,  except  at 
the  point  where  magnesia  rises.  It  is  interesting  to  compare  the 
two  alkalies.  First  the  soda  increases  more  rapidly  than  the  potash ; 
then  the -relations  are  reversed.  Between. V.  and  lY.  the  potash 
falls  as  the  soda  rises ;  between  lY.  and  YI.  they  rise  together ; 
and  between  YI.  and  YII.  the  potash  rises  as  the  soda  falls. 

It  is  of  course  quite  easy  to  connect  the  variations  in  the  chemical 
constituents  with  the  changes  in  mineralogical  composition.     First 
of  all  the  ferro-magnesian  constituents  decrease  as  the  felspathic ' 
constituents  increase,  and  then  a  change  takes  place  in  the  felspathic 
constituents  and  free  quartz  is  introduced. 

Anorthite-molecules  decrease  relatively  to  albite-  and  orthodase-  t" 
molecules,  and  finally  albite-molecules  decrease  relatively  to  ortho-  . 
clase-molecules. 

5.   RsLATIOirS  BETWEEN  MlBERALOeiCAL  CoMPOSTIION,  ChEKICAL 

Composition,  and  Geological  Age. 

Field  evidence  has  established  the  fact  that  the  rocks  rich  in; 
ferro-magnesian  constituents  have  preceded  those  poor  in  these  con- 
stituents, and  that  rocks  in  which  anorthite-molecules  enter  largely  ^^^ 
into  the  composition  of  the  felspars  have  preceded  those  in  which  .^y  J 

^  '  The  Mineral  Composition  and  6^1ogical  Oocurrenoe  of  certain  Igneoul 
BockB  or  the  Yelloi?Btone  National  Park,*  Bull  FhiL  Soo.  Washinirton,  vol  xi. 
pp.  191-22a 
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aikali-molecules  play  an  important  part.  Moreover,  the  microscopio 
examination  of  thin  sections  has  proved  that  iron  ores  precede  olivine, 
that  olivine  precedes  the  other  ferro-magnesian  constituents,  and 
that  the  ferro-magnesian  constitnents  as  a  whole  precede  felspar  and 
quartz  in  the  individual  rocks.  Now,  if  we  suppose  that  the  area 
represents  a  vast  suhterranean  reservoir  which  has  become  differen- 
tiated during  the  process  of  consolidation,^  we  see  at  once  that  there 
is  a  natural  connexion  between  the  two  classes  of  facts  above  referred 
to.  The  peridotites  are  the  oldest  rocks,  because  the  minerals  of 
which  they  are  composed  are  the  first  to  form  in  a  consolidating 
plutonic  magma,  such  as  the  one  with  which  we  are  at  present  con- 
cerned. Iron  ores  and  olivine  are  the  first  minerals  to  form.  Their 
development  at  any  point  must  leave  the  surrounding  magma  poorer 
in  certain  molecular  groups.  Diffusion  will  tend  to  restore  homo- 
geneity, and  so  the  first-formed  crystals  may  increase  in  size. 
Other  causes,  such  as  Soret's  principle,  or  the  subsidence  of  the 
first-formed  crystals  by  gravity,  may  abo  operate  and  assist  in  pro- 
ducing heterogeneity  in  the  original  magma.  As  the  process  of 
consolidation  progresses,  other  minerals  make  their  appearance,  and 
rocks  of  a  more  complicated  composition  are  the  result.  The  last 
rock  of  which  we  have  any  record  is  composed  essentially  of  quartz 
and  orthoclase.  It  occurs  in  the  form  of  contemporaneous  veins, 
and  probably  represents  the  mother-liquor  remaining  after  the  other 
constituents  have  separated  out.  If  we  take  the  alkali  as  the  basis 
for  calculating  the  relative  proportions  of  quartz  and  felspar  in  the 
eorite-veins,  we  have  the  following  result  from  analysis  YII. : — 


ar 58-34 

Quartz   41-66 


100-00 


This  leaves,  however,  about  3  per  cent,  of  alumina  unaccounted 
for,  so  that  in  all  probability  the  alkali  has  been  somewhat  reduced 
by  alteration.  It  has  been  suggested  that  the  micro-pegmatite  of 
plutonic  rocks  is  an  eutectic  compound  in  Guthrie's  sense,^  and 
that  the  composition  is 

PeUpar  62-05 

Quarts   37-05 


100-00 


The  facts  here  described  tend  rather  to  support  than  to  negative 
this  view. 

In  conclusion,  it  may  be  interesting  to  call  attention  to  certain 
speculations  which  are  suggested  by  a  consideration  of  the  facts 
we  have  been  describing.    Progressive  consolidation  of  one  reservoir 

^  [The  essential  point  of  the  hypothesis  is  that  the  various  rocks  are  the  result 
of  the  diffiBTentiation  of  an  originaUy  homogeneous  magma.  The  preoise  locality 
vrhon  the  differentiation  took  place  is  more  or  less  uncertain.  That  it  was  not 
always  the  place  where  the  rocks  are  now  found  is  proved  by  the  phenomena  of 
veins  and  inclusions.— J.  J.  H.  T..  Feb.  27th,  1892.1 

»  •  Brit.  Petrogr.'  (1888)  p.  402. 
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gives  rise  to  the  formation  of  magmas  more  and  more  acid.  Now,  if 
plutonic  rocks  represent  the  subterranean  aspects  of  voloanic  phe- 
nomena, there  should  be  a  resemblance  between  the  sequence  of 
plutonic  and  the  sequence  of  volcanic  rocks.  Given  one  reservoir  and 
continuous  cooling,  there  should  be  one  sequence.  The  basic  rocks 
should  precede  the  acid  rocks.  This  has  been  the  case  in  many 
regions,  but  the  rule  is  by  no  means  without  exceptions.  The 
exceptions  may  be  due  to  the  existence  of  two  or  more  reservoirs,  or 
to  the  accession  of  heat  or  fresh  material  during  the  process  of  con- 
solidation. Taking  all  the  facts  into  consideration,  it  does  not  seem 
unreasonable  to  suggest  that  with  one  reservoir  undergoing  con- 
tinuous consolidation  there  will  be  one  definite  sequence. 

Another  speculation  of  considerable  interest  is  suggested  by  the 
facts  before  us.  The  consolidation  of  a  plutonic  magma  may  give 
rise  to  rocks  of  which  there  are  no  volcanic  equivalents.  Such 
rocks  may  result  from  the  separation  of  minerals  from  a  magma 
having  a  very  different  composition  from  that  of  the  rocks  in 
question.  The  absence  of  volcanic  representatives  of  the  typical 
peridotites  and  their  rarity  as  dykes  may  be  due  to  this.  Again, 
since  magnetite  is  the  first  mineral  to  form,  it  is  quite  possible  that 
it  may  arise  on  a  large  scale  as  a  product  of  the  consolidation  of  a 
plutonic  mass  without  ever  existing  as  an  actual  magma.  The  view 
that  certain  magnetic  iron  ores  are  of  plutonic  origin  is  one  which 
has  been  maintained  by  Wadsworth.  If  we  look  at  the  diagram 
representing  the  composition  of  the  rocks  which  have  been  analysed 
we  see  that  the  maxima  for  alumina,  lime,  and  soda  He  within  the 
limits  of  the  diagram.  The  maximum  for  magnesia  is  evidently 
near  the  left-hand  limit,  but  somewhat  beyond.  The  maximum  for 
iron  is  not  even  approached  within  the  limits  of  the  diagram.  Erom 
what  we  know  as  to  the  order  of  formation  of  the  minerals  and  the 
influence  of  this  in  determining  the  character  of  the  rocks,  we  may 
speculate  on  the  constitution  of  the  diagram  to  the  left.  Lime  and 
alumina  would  fall.  Ma<?nesia  and  iron  oxide  (magnetite)  would 
rise.  Then  magnesia  would  fall,  iron  oxide  still  continuing  to  rise. 
When  the  point  of  origin  was  reached  we  should  have  a  rock  com- 
posed of  magnetite. 

As  possible  rocks  not  represented  in  our  series  we  may  therefore 
meution  magnetite- rock  and  magnetite-olivine  rock  or  cumber- 
landite  of  Wadsworth. 

The  view  that  subterranean  reservoirs  (magma^basins)  of 
homogeneous  molten  material  may  become  differentiated  into  local 
magmas  of  varying  composition  by  the  operation  of  various 
imperfectly  understood  processes  is  rapidly  gaining  ground.  Prof. 
Eosenbusch  deals  with  this  subject  in  a  paper '  Ueber  die  chemischen 
Beziehungen  der  Eruptivgesteine/  *  and  Prof.  Brogger  has  applied 
the  idea  to  the  explanation  of  the  sequence  of  rocks  in  the 
Christiania  district.*    It  is  also  worthy  of  note  that  Pro!  Brogger's 

1  Tachermak's  *  Min.  u.  petr.  Mitth.'  Band  xi.  (1889)  p.  144. 
•^  *Die  Mineralien  der  Syenitypegtnatitgaoge,  etc/  Zeitachr.  f.  Eryst  u.  Min. 
Band  xvi.  (1890)  p.  80. 
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Bequenco  agrees   in   the  main  with  that  suggested  by  the  facts 
described  in  this  communication. 

A  most  interesting  extension  of  the  same  principle  has  been 
recently  made  by  Prof.  Vogt  of  Christiania.^  This  observer  shows 
that  ore-deposits  similar  to  those  of  Ekersund  in  Norway  and 
Taberg  in  Sweden  must  be  regarded  as  the  result  of  concentration 
in  strongly  basic  magmas.  He  discusses  the  various  known  causes 
which  may  operate  to  produce  such  concentration,  and  inclines  to 
the  view  that  the  most  important  are  those  which  act  independently 
of  the  separation  of  constituents  in  the  form  of  cr}'8tals  or  crystalline 
aggregates.     He  recognizes  the  existence  of  three  such  causes : — 

(1)  Soret's  principle,  which,  as  he  points  out,  is  a  necessary 
consequence  of  Van  't  HofiTs  theorem  relating  to  osmotic  pressure.'' 

(2)  The  principle  of  Gouy  and  Chaperon.' 

(3)  Magnetic  attraction. 

The  last  cause  he  considers  can  come  into  operation  only  after 
concentration  has  been  started  in  some  other  way.  It  muy  then 
produce  an  increase  in  the  amount  of  concentration  and  an  extension 
oi  the  space  in  which  such  concentration  is  taking  place. 

Prof.  Vogt,  therefore,  regards  the  formation  of  actual  magmas 
having  the  composition  of  the  ores  as  a  possibility.  This  view  was 
not  contemplated  by  us ;  but  the  facts  described  by  him  lend  great 
support  to  it.  Thus  the  Ekersund  deposits  occur  as  dyke-like 
masses  in  a  variety  of  norito  (labradorite-rock)  extremely  poor  in 
ores  and  ferro-magnesian  silicates. 

As  illustrating  the  differentiation  which  may  be  produced  in  a 
magma  by  diffusion -processes,  Prof.  Vogt  describes  a  dyke  near  Huk 
in  the  Christiauia  district.  This  dyke  is  an  acid  orthociase-porphyry 
in  the  centre  and  a  somewhat  basic  kersantite  at  the  margins.  The 
transition  from  one  type  of  rock  to  the  other  is  perfectly  gradual, 
and  seeing  that  the  margins  represent  the  parts  which  must  have 
been  kept  cool  by  the  passage  of  heat  int^  the  surrounding  rock,  it 
seems  reasonable  to  attribute  the  concentration  of  basic  minerab  at 
the  margin  to  the  operation  of  Soret's  principle.  In  the  plutonic 
area  described  in  .this  communication  the  basic  rocks  are  found  at 
the  margin,  but  they  do  not  form  a  continuous  zone. 

Another  case  of  the  association  of  ores  with  eruptive  rocks,  in 
such  a  way  as  to  suggest  that  the  former  results  from  segregation 
processes  taking  place  in  the  latter,  has  been  described  by  Mr.  Orville 
A.  Derby.* 

In  conclusion,  we  may  call  attention  to  a  case  which  bears  a  very 
close  resemblance  to  that  which  we  have  described.     On  the  east 

*  '  Om  dannelBen  af  de  Tigtigste  i  Norge  og  Sverige  represenferado  griipper 
af  jemmalmforekomater/  G^logiska  Korening  i  Stockholm,  Forbaodl.  Band 
xiii  (1^1)  p.  476.     [See  Abatract  in  Geol.  Maff.  for  1892,  p.  82.] 

*  *  Die  R4^)lle  des  os.uotisohen  Druckes  in  der  Analogie  zwiscben  LoBungen 
nnd  Gasen/  Zeitschr.  f.  phys.  Chemie,  Band  i.  (1887)  p.  481. 

*  *  Sur  la  concentration  des  dissolutions  par  la  pesanteur/  Ann.  de  diim. 
et  de  Phya,  s^r.  6,  tome  xii.  (1887)  p.  387. 

*  *  On  the  Magnetite  Ore  Districts  of  Jacupiranga  and  Ipanema,  SSo  Paulo, 
Braiil,'  Amer.  Journ.  Soi.  vol.  xli.  (1891)  p.  311. 
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side  of  the  Brocken'  mass  of  granite  in  the  Harz  there  is  a  narrow 
zone  in  which  homblende-hiotite-granite,  augite-homblende- 
granite,  augite-diorite,  diorite,  and  quartziferous  biolite-augito- 
gabbro  may  be  observed.  These  several  varieties  shade  into 
each  other  so  that  it  is  impossible  to  make  sharp  distinctions. 
The  well-known  gabbro  of  Harzburg  occurs  to  the  north  of  the 
granite-mass,  and  associated  with  it  is  a  quartziferous  biotite- 
augite-gabbro  exactly  similar  to  that  found  in  the  above-mentioned 
basic  zone.  Taking  the  whole  area  occupied  by  plutonic  rocks  into 
consideration  there  is,  therefore,  every^  type  of  rock  intermediate 
between  granite  on  the  one  side  and  diorite  or  gabbro  on  the 
other* 

Discussion. 

Dr.  Hatch  said  it  was  evident  that  this  was  a  most  important 
paper.  Until  it  was  published  it  would  be  impossible  to  discuss  the 
conclusions  arrived  at ;  suffice  it  to  say  that  they  are  in  accord  with 
tbe  researches  of  Wadsworth,  Brogger,  and  Vogt.  That  iron-ore 
deposits  can  be  formed  by  processes  of  segregation  from  igneous 
masses  during  consolidation  was  a  conclusion  that  would  interest 
both  mineralogists  and  geologists. 

Prof.  Bonnet  expressed  his  regret  at  the  absence  of  the  Authors, 
and  his  sense  of  the  value  of  the  paper.  He  thought,  however, 
that  the  case  which  they  described  was  somewhat  exceptional,  and 
the  inferences  from  it  must  not  be  pressed  too  far,  for  so  far  as  his 
experience  went  transitions  from  one  kind  of  igneous  rock  to  another 
were  rare. 

Mr.  Barrow,  in  the  absence  of  the  Authors,  pointed  out  that  this 
complex  formed  a  part  of  the  great  series  of  granitic  eruptions 
(granitite  and  diorite),  of  which  the  best  known  were  the  Dee-sido 
Granite  and  the  Moor  of  B,annoch  Diorite.  They  were  older  than 
the  Old  Red  Conglomerate,  for  boulders  of  them  occurred  in  vast 
numbers  in  that  formation  ;  while  they  were  more  recent  than  the 
metamorphism,  and  part  of  the  normal  faulting,  of  the  Central 
Highlands.  The  complexes  varied  very  much,  in  some  cases  con- 
sisting mainly  of  acid  rock  with  a  marginal  fringe  of  more  basic 
material  (such  as  the  one  here  described)  ;  in  others  the  main  mass 
was  essentially  diorite,  more  or  less  completely  fringed  with 
granitite.  One  of  the  latter  type  occurred  at  the  head  of  the  South 
Esk  in  Forfar.  A  minute  examination  had  shown  that  in  some 
cases  the  acid  granitite  had  been  intruded  into  the  diorite  in  such 
a  way  as  to  leave  a  very  small  portion  of  the  latter  rock  intervening 
between  the  former  and  the  bounding  walls  of  the  complex,  here 
consisting  of  gneisses.  In  such  a  case  the  thin  patch  of  diorite  had 
not  only  been  consolidated  before  the  later  intrusion,  but  its  tempe- 
rature was  too  low  for  the  granitite  to  re-fuse  it,  and  there  was  a 
clear  contact-junction.     But  on  the  side  of  the  newer  intrusion, 

^  Dr.  K.  A.  LoBsen,  Zeitschr.  d.  deutscb.  Geol.  Gesellsch.  Band  xxxii.  (J 880) 
p.  206. 
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farther  from  the  outer  walls  of  the  complex,  the  granitite  and 
diorit«  have  completely  amalgamated  on  their  edges.  Another  part 
of  the  complex  exhibits  a  still  stranger  phenomenon.  A  vent-like 
mass  of  light  grey  diorite  has  penetrated  a  more  basic  mass,  con- 
taining numerous  porphyritic  crystals  of  hornblende.  At  the 
junction  of  the  two  we  can  see  that  the  newer  rock  has  torn  out  the 
pasty  magma  of  the  older  and  arranged  the  porphyritic  crystals  of' 
honiblende  in  parallel  planes,  but  apparently  without  injuring  them. 
The  phenomena  seem  to  point  to  the  fact  that  the  segregation 
mainly  took  place  in  a  deep-seated  magma  before  intrusion  into  the 
present  position  of  the  complex.  Further,  while  the  law  of  decreas- 
ing basicity  was  clearly  true  of  the  rock  ^  masses,'  the  reverse  was 
the  case  with  the  dykes.  The  quartz-porphyrien,  so  far  as  the 
speaker  knew,  were  cut  by  the  lamprophyres  and  were  always  the 
older  rocks.  This  seemed  to  point  to  the  whole  of  the  phenomena 
being  due  to  the  remelting  of  an  old  magma.  The  irruptions  com- 
menced with  the  re-fusing  of  the  base,  and  ended,  in  the  dyke-stage, 
with  its  reconsolidation. 


x2 

Digitized  by  LjOOQ IC 


122  BEV.  E,  HILL  AND  PHOF.  T.  0.  BONNET  ON  THE 


11.  On  the  HoRNBLENDB-scHiBTS,  Gneisses,  and  other  Cristallinb 
EocKs  of  Sake.  By  the  Rev.  Edwin  Hill,  M.A.,  F.G.S.,  and 
Prof.  T.  G.  Bonnet,  D.Sc.,  F.R.S.,  V.P.G.S.  (Read  January 
27th,  1892.) 

COKTBRTS. 

Page 

Introduction 122 

Part  I. 

(1)  Description  of  the  Gbeisses  and  Hornblende- schists 123 

(a)  Thd  Basement  Gneiss. 
{h)  Tiie  Hornblende-schists. 
(c)  Tbe  Banded  Gneisses. 

(2)  Included  masses  of  Homblendic  Bock  and  their  relations  1 27 

!a)  Section  at  tbe  eastern  comer  of  Point  Derrible. 
b)  Section  near  Port  du  Moulin. 
(c)  Conclusions. 
Partir.  The  later  Intrusive  Bocks    139 


Introduction. 

A  PAPER  on  the  Geology  of  Sark  by  one  of  the  Anthers  has  already 
appeared  in  this  Journal.^  In  1889  he  introduced  the  other  to 
the  island.  Their  visit  was  a  very  short  one,  but  in  1890,  after 
working  at  the  Lizard  hornblende-schists,  as  to  the  genesis  of 
which  they  felt  doubtful,  they  entertained  some  hope  that  a  careful 
study  pf  those  of  Bark  might  help  in  solving  the  riddle;  so 
they  determined  to  examine  carefully  de  novo  all  the  more  important 
sections  in  Sark.  They  spent  nearly  a  fortnight  there  shortly 
after  Easter  1891,  weather  and  tides  being  on  the  whole  alike 
favourable.  The  present  communication  gives  the  results  of  this 
work  and  of  the  study  of  the  specimens  collected  on  that  and 
former  occasions. 

As  Mr.  Hill's  paper  was  published  so  lately  as  1887,  the  Authors 
beg  leave  to  refer  to  it  for  a  general  account  of  the  physical  struc- 
ture and  petrology  of  Sark  ;  but  it  may  be  well  to  summarize  at  the 
outset  the  facts  bearing  most  on  the  present  investigation  : — 

(1)  The  gneisses  and  hornblende-schists  of  Sark  are  fairly  markedly 
foliated,  and  sometimes  also  are  rather  conspicuously  banded. 

(2)  These  structures,  whatever  be  their  genesis,  are  older  than 
the  intrusion  of  the  two  great  granitic  masses  and  of  the  '  green- 
stones,' mica-traps,  and  other  dyke-rocks. 

(3)  Thus  these  structures,  for  reasons  indicated  in  former  papers, 
are  of  great  antiquity.  The  rocks  in  which  they  occur  ma)'  be 
classed,  with  reasonable  probability,  among  the  Archaean  gneisses 
and  schists. 

(4)  The  planes  of  foliation,  as  described  by  Mr.  Hill,  generally 
dip  both  at  moderate  angles  and  outwards  from  the  middle  part  of 
the  island.     This  structure  has  no  connexion  with  the  faults,  genc- 

1  Vol.  xliii.  (1887)  p.  322.  Mr.  Hill  wishes  to  state,  with  regard  to  the 
present  paper,  that  he  bas  taken  part  only  in  the  field-work. 
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rally  not  of  a  great  throw,  which  are  as  common  in  Sark  as  at  the 
Liasard.  It  gives  no  indications,  macroscopic  or  microscopic,  of 
being  a  result  of  crushing,  for  it  has  no  real  resemblance  to  the 
preesure-structures  of  the  Alps  or  of  the  North-west  Highlands, 
already  described  in  the  pages  of  this  Journal.  It  is,  in  short,  a 
*  stratification-foliation,'  not  a  '  cleavage-foliation.' 

(5)  At  first  sight,  it  seems  more  natural  to  interpret  the  structure 
as  indicative  of  an  original  sedimentation,  in  a  rock  which  has  sub- 
sequently undergone  such  great  chemical  changes  as  to  cause  a  re- 
crystallixation  of  the  constituents. 

In  Sark,  as  stated  in  Mr.  Hill's  paper,  a  fairly  coarse,  reddish 
biotite-gneiss,  moderately  foliated  but  not  banded,  is  lowest  in 
position  and  apparently  the  oldest.  This  is  exposed  for  a  con- 
siderable distance  along  the  eastern  side  of  the  island,  at,  and  south 
of,  Creux  Harbour,  and  occasionally  on  the  western,  in,  and  to  the 
north  of.  Port  du  Moulin,  and  to  the  south  as  far  as  Port  k  la 
Jument.^  This  is  overlain  by  a  series  of  stratified  aspect,  varying 
from  a  hornblende-schist,  very  like  some  of  those  at  the  Lizard,  to 
a  banded  biotite.gneiss,  which  is  generally  more  compact  in  struc- 
ture and  greyer  in  colour  than  the  subjacent  one.  Occasionally  the 
second  member  presents  a  rather  close  resemblance  to  some  of  the 
banded  rocks  in  the  Granulitic  Group  at  the  Lizard.  Associated 
with  this  series,  and  commonly  rather  low  down  in  it,  is  a  dark- 
green  rock,  consisting  almost  wholly  of  distinctly  crystallized  horn-' 
blende,  to  which  we  shall  frequently  refer  in  the  following  pages. 
Sometimes  the  banded  gneiss  appears  to  form  a  zone  between  the 
basemen tr-gneiss  and  the  hornblende-schist,  sometimes  it  seems  to 
replace  the  latter, — that  is  the  two  rocks  apparently  occur  in  a 
rather  lenticular  fashion,  and  shade  off  one  into  another,  often  so 
gradually  that  in  some  localities  it  is  almost  impossible  to  separate  * 
them.  So  closely  are  they  related  that  Mr.  Hill,  in  writing  his 
paper,  deemed  it  needless  to  attempt  a  distinction,  and  was  content 
— as  Prof.  Bonney  had  been  in  his  first  paper  on  the  Lizard — to 
designate  the  whole  series  as  '  hornblende-schist.' 

Part  I. 

(1)  Description  of  the  Gneisses  and  Hornhlendenschists. 

Time  will  probably  be  saved  by  giving  a  brief  description  of  the 
three  types  of  rock  mentioned  above.  As  the  purpose  of  this  paper 
is  petrological  rather  than  petrographical,  the  authors  have  thought 
it  needless  to  spend  mu6h  time  in  trying  to  identify  every  microlith 
or  to  ascertain  the  precise  species  of  every  felspar*  They  have, 
however,  carefully  studied  the  microscopic  structure  of  the  more 
important  rocks,  and  have  intentionally  suppressed  many  minora^ 

^  It  18  mentioned  in  Mr.  Hill's  paper,  though  it  is  not  identified  with  the 
Creux  Harbour  eneiss,  but  after  a  closer  examination  we  find  it  difficult  to 
separate  one  rock  from  the  other.  The  only  difference  perceptible  is  that  the 
Port  k  la  Jument  j^eies  is  a  shade  more  micaceous  and  the  felspar  is  paler  in 
colour.   [For  loeahties  mentioned  in  this  paper,  refer  to  the  map  facing  p.  124.] 
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logical  details  which  could  have  been  easily  iDserted,  because  they 
believe  that  these  are  repulsive  to  the  ordinary  geologist,  and  tend 
to  divert  the  attention  even  of  experts  from  the  main  issues. 

(a)  The  Basement  Oneiss, — Mr.  Hill  has  already  described  the 
macroscopic  character  of  this  gneiss,^  so  that  it  is  only  necessary  to 
call  attention  to  one  or  two  details  which  are  brought  out  more 
clearly  by  study  with  the  microscope.  The  felspar  (plagioelase, 
microcline,  and  probably  orthoclase)  is  not  idiomorphic,  and  seldom 
shows  in  any  part  a  rectilinear  boundary.  The  outline  of  the 
grains  is  more  or  less  irregular  or  wavy ;  they  vary  in  diameter 
roughly  from  'Ol"  to  -OS"  or  a  little  more,  about  "03"  being  a 
common  size;  not  seldom  they  seem  to  enclose  small  rounded 
grains  of  quartz.  The  latter  mineral,  however,  occurs  commonly 
in  grains  about  the  same  size  as  the  felspar,  but  often  of  a  more 
elongated  form.  The  flakes  of  biotite  (commonly  altered  into  the 
usual  green  mineral,  with  dark  lines  of  iron  oxide  between  th^ 
cleavage-planes)  are  rather  irregular  in  outline  and  usually  about 
-02"  long.  A  slight  tendency  to  aggregation  in  streak-like  patches 
is  exhibited  by  all  these  minerals,  but  it  is  more  conspicuous  in  the 
quartz  and  the  mica  than  in  the  felspar.  We  find  occasionally  a 
grain  exhibiting  a  micrographic  intergrowlh  of  quarts  and  felspar. 
In  short,  the  structure  of  the  rock  closely  resembles  that  of  the 
more  granitoid  bands  in  the  Granulitic  Group  at  the  Lizard,  and, 
as  has  been  remarked  of  the  latter,  is  very  different  from  that  of  an 
ordinary  granite,  being  most  nearly  approached  by  some  of  the 
fine-grained  vein-granites.  Indications  of  mechanical  disturbance 
subsequent  to  crystallization  may  be  seen  occasionally^  but  usually 
are  inconspicuous. 

(b)  The  Bomhlende-schists,—  For  the  macroscopic  aspect  of  these 
rocks  we  may  again  refer  to  Mr.  Hill's  paper.  The  more  typical 
varieties  appear  to  occur  in  greater  bulk  along  the  western  ooast 
of  the  island,  and  especially  about  Port  du  Moulin,  from  near 
Saignie  Bay  to  south  of  Port  h  la  Jument.  Most  of  these  are  so 
like  macroscopically  to  the  hornblende-schists  of  the  Lizard  that 
we  have  only  examined  a  few  specimens  under  the  microscope. 
These,  both  in  structure  and  mineral  constituents,  correspond  so 
closely  with  the  Lizard  rock  that  it  is  enough  to  refer  to  the  descrip- 
tions which  have  been  already  published.*  Occasionally,  however, 
as  in  Port  k  la  Jument,  they  are  rather  more  distinctly  and  broadly 
banded  than  at  the  Lizard,  and  this  variety  calls  for  a  fuller  de- 
scription.* In  it  bands  consisting  mainly  of  dark  lustrous  horn- 
blende and  of  almost  white  quartzo-felspathic  rock  are  repeatedly 

^  He  called  it,  from  the  locality  about  which  it  is  most  dereloped,  the  *  Oreux 
Harbour  gneiss.*  We  satisfied  ourselves  of  its  occurrence  in  the  Burons  and 
other  islets  of  this  part  of  the  coast.  As  a  rock  practically  identical  oocurs  in 
the  same  position  on  the  west  coast,  we  now  employ  a  more  general  term. 

^  Bonney,  Quart.  Joum.  Geol.  Soo.  vol.  xxxiz.  (1883)  p.  1 ;  McMahon,  ibid, 
vol.  xlv.  (1889)  p.  519.      See  aUo  ibid,  vol.  xlvii.  (1891)  p.  478. 

'  The  specimen  was  broken  from  a  large  block,  one  of  several  at  the  base  of 
the  crags  m  the  southern  bay  at  Port  k  la  Jument,  and  the  rock  occurs,  so  far 
as  we  could  ascertain,  rather  low  down  in  the  tliick  mass  of  homblende-sdiist. 
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interchanged.  They  ran  for  considerable  distances  with  much  uni- 
formity, just  like  alternating  layers  of  dark  clay  and  fine  sandstone 
in  a  stratified  rock.  Occasionally  the  light  bands  are  more  than 
*75"  thick,  but  both  vary  from  about  this  thickness  to  mere  lines. 

The  dark  bands,  on  microscopic  examination,  are  found  to  con- 
tain a  considerable  amount  of  felspar,  and  do  not  materially  differ 
from  the  corresponding  part*  of  the  ordinary  hornblende-schist, 
except  in  the  presence  of  an  occasional  grain  of  quartz,  which  is 
not  common  in  the  latter.  The  white  bands,  however,  consist  of 
decomposed  felspar,  of  a  considerable  proportion  of  quartz,  and  of 
rather  small  flakes  of  a  ferro-magnesian  mica,  somewhat  altered, 
with  only  an  occasional  grain  of  hornblende.  These  two  rocks  re- 
semble in  structure  that  of  the  granitic  and  homblendic  bands  in 
the  Granulitic  Group  at  the  Lizard,  the  one  passing  sharply  into  the 
other  in  exactly  the  same  way.  The  dark  bands  also  correspond 
with  the  hornblende-schists  of  the  latter  region,  but  in  these  the 
white  bands,  which  are  usually  thinner  and  frequently  (as  is  some- 
times the  case  here)  not  very  well  marked,  consist,  so  far  as  we 
know,  mainly  of  felspar,  and  rarely  contain  quartz.  Sphene  (in 
one  case  abundantly),  apatite,  and  epidote  occur  in  the  Sark  horn- 
blende-schist, but  we  have  not  yet  found  the  colourless  augite  of 
the  lizard.  The  dominant  hornblende  and  felspar  occur  in  grains, 
not  seldom  both  slightly  elongated,  and  showing  a  parallel  ordering, 
as  is  frequent  at  the  Lizard,  whilst  occasionally  the  structure  seems 
on  the  verge  of  becoming  ophitic. 

(c)  The  Banded  Gneisses. — By  this  name  we  may  designate  a 
rather  important  group  of  rocks,  evidently  in  close  association  with 
the  last,  excluding,  however,  for  the  moment  one  or  two  rocks  to 
which  the  term  is  equally  applicable,  since,  for  reasons  which  will 
appear,  they  require  to  be  separately  noticed. 

The  group  as  a  whole  is  characterized  by  more  or  less  micaceous 
bands,  alternating  with  those  which  consist  mainly  of  quartz  and 
felspar.  The  numerous  varieties  may  be  roughly  grouped  about 
two  types :  the  one,  moderately  coarse  in  texture,  marked  by  rather 
clearly  defined  bands,  and  fairly  rich  in  biotite ;  the  other,  finer- 
grained  and  less  micaceous,  in  which  the  banding  is  indicated 
macroscopically  as  a  difference  of  tint  rather  than  by  conspicuous 
predominance  of  a  particular  mineral.  The  latter  type,  not  un- 
frequently,  could  be  very  nearly  matched  by  specimens  from  the 
Grannlitic  Group  of  the  Lizard  (though  these  usually  are  rather 
redder  in  colour),  but  we  have  not  met  with  the  former  there,  although 
one  of  the  gneisses  which  occur  in  the  islets  south  of  Polpeor  bears 
some  slight  resemblance  to  it.  Of  the  two  types  the  coarser 
appears  to  be  the  commoner  in  Sark.  It  is  the  dominant  rock  on 
the  north-eastern  ooast  from  the  margin  of  the  Eperqueries  granite 
to  beyond  La  Greve  de  la  Yille ;  also  in  Derrible  and  Dixcart 
Bays,  and  probably  to  the  south,  until  the  granite  of  Little  Sark  sets 
in.  On  the  western  side  it  occurs  in  similar  relations  to  the  latter 
rock,  extending  northwards  by  Port  ^s  Saies  and  Havre  Gosselin 
to  the  southern  side  of  Port  k  la  Jument.     North  of  that,  the  finer- 
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grained  type  is  more  common,  though  the  coorser  also  occurs,  e,  g. 
to  the  N.  of  Saignie  Bay,  and  the  former,  so  far  as  we  have  noticed, 
seems  to  underlie  the  hornblende- schist ;  apparently,  however,  its 
thickness  is  variable.  The  most  characteristic  examples  are  to  be 
seen  about  Port  du  Moulin  and  in  Saignie  Bay.  But,  as  already  said, 
we  do  not  consider  any  very  precise  subdivision  to  be  possible ; 
nevertheless  a  recognition  of  the  distinction  may  be  of  some  uee 
for  general  purposes. 

The  coarser  rock  consists  of  layers  of  rather  dark  brownish  and 
]>inki8h-grey  colour.  In  some  localities,  as  on  the  north-eastern 
.  coast,  on  the  west  side  of  the  Coupee  and  at  Port  ^  Saies,  these 
layers  are  wonderfully  '  gnarled ' ; — in  others  («.  g,  about  Dixcart 
Bay)  the  rock  appears  to  have  been  somewhat  crushed  after  the 
characteristic  structure  had  been  assumed.  As  an  example  we  may 
select  a  beautifully  wrinkled  specimen  from  the  southern  side  of 
Port  es  Saies.  In  this  the  .dark  layers  (as  is  not  infrequent)  slightly 
predominate  over  the  light.  The  former  occasionally  are  about 
\  inch  in  thickness,  the  latter  generally  rather  less,  but  of  course 
the  *  wrinkling '  has  produced  local  thickening  and  thinning.  The 
structure  is  beautifully  exhibited  in  a  slice  rather  more  than  2"x  1" 
prepared  for  microscopic  examination.  It  is  obvious,  at  a  glance^ 
that  the  contortions  have  been  produced  aft.er  the  rock,  whatever 
may  have  been  its  origin,  had  become  banded  and  crystalline.  By 
following  up  the  micaceous  bands  we  can  see  that  the  mica-Qakes, 
which  once  lay  roughly  in  the  direction  of  the  bands,  have  l»e€n 
twisted  up  and  disturbed,  till  occasionally  a  ^  strain-slip '  cleavage 
all  but  sets  in.^ 

The  chief  constituents  of  this  rock  are  quartz,  felspar  (orthoclase 
and  plagioclase  ^),  and  biotite,  with  some  iron  oxide  and  a  fair 
amount  of  apatite.  The  paler  layers  consist  mainly  of  quartz  and 
felspar,  the  darker  of  felspar  and  mica.  The  felspars  are  granular 
in  form,  and  occasionally  enclose  small  rounded  grains  of  quartz. 
The  latter  mineral  has  a  tendency  to  occur  in  rather  elongated 
patches  ;  in  fact  one  may  infer  that  the  structure  of  the  rock  was 
originally  very  similar  to  that  described  above,  except  perhaps  that 
the  felspar  grains  may  have  been  a  little  less  irregular  in  outline. 
But  that  the  rock  has  undergone  some  mechanical  disturbance  is 
evident,  not  only,  as  already  mentioned,  from  the  arrangement  of 
the  mica-flakes,  but  also  because  the  felspar  grains  are  not  seldom 
parted  by  a  crack,  which  has  been  subsequently  filled  up;  the 
patches  of  quartz  oconsionally  exhibit  a  tendency  to  streak  out,  and 
this  mineral  here  and  there  occurs  in  aggregated  granules,  which  is 
a  sure  indication  that  there  has  been  a  certain  amount  of  fracture, 
followed  by  cementation  and  reconsolidation. 

^  Obviously  there  is  nothing  unusual  in  this.  In  the  course  of  my  work 
elsewhere  I  have  come  across  every  stage,  from  undisturbed  banding  to  the 
setting  up  of  a  cleavage-fnliaiion  under  strain,  in  gnarled  gneisses,  as  described 
in  my  Presidential  Address,  Quart  Journ.  Geol.  Soc.  vol.  xlii.  (1886)  Proc, 
pp.  (i8-72.~T.  G.  B. 

^  Microcline  does  not  occur  in  the  slides  examined. 
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In  tbe  more  fine-grained  vanety  of  gneiss  the  bands  (pale  reddish 
grey  and  greenish  grey)  are  broader,  but  less  distinctly  defined* 
Microscopic  examination  shows  it  to  consist  of  quartz,  felspar 
(orthoclase  and  plagioclase),  fiakes  of  a  green  mineral  (most  of 
which  is  an  altered  biotite,  but  possibly  a  little  fibrous  hornblende 
is  also  present),  apatite,  a  little  sphene  and  iron  oxide,  and  a  few 
grains  of  pyrite.  The  banding  is  due  to  slight  differences  in  the 
proportionate  amounts  of  the  constituents.  The  grains  of  the  first 
two  minerals  are  commonly  about  *03"  in  diameter,  though  smaller 
occur ;  the  fiakes  of  the  third  are  about  the  same  length.  The 
grains  present  the  slightly  irregular  outline  already  mentioned,  and 
enclosures  of  quartz  occasionally  occur  in  the  felspar.  The  rock 
exhibits  little  or  no  sign  of  having  sufiered  from  mechanical 
disturbances  subsequent  to  consolidation ;  and  its  structure  is 
identical  with  that  of  many  specimens  from  the  Granulitio  Group 
of  the  Lizard. 


(2)  Indtided  masset  of  Homhlendic  Rock  and  their  relations. 

Masses  of  a  somewhat  coarsely  crystallized  rock  may  be  seen  in 
several  places  on  both  sides  of  the  island,  which  on  closer  examina- 
tion appear  to  consist  almost  wholly  of  a  lustrous  deep-green 
hornblende.  These,  in  some  places,  might  be  regarded  at  first 
sight  as  the  ends  of  intrusive  '  tongues,'  which  had  been  afterwards 
somewhat  compressed  by  earth-movements,  but,  as  will  presently  be 
seen,  many  cases  cannot  be  thus  explained.  These  hornblendio 
lumps  are  not  restricted  to  any  very  definite  horizon.  At  the  same 
time  they  appear  to  be  most  common  either  just  above  the  base- 
ment-gneiss or  at  no  great  height  up  in  the  overlying  series.  They 
are  well  exhibited  in  the  cliffs  all  about  Port  du  Moulin,  and  on  the 
opposite  coast  between  Creux  Harbour  and  Derrible  Bay. 

In  these  lumps  the  colour  of  the  hornblende  is  a  rich  green.  Of 
two  slides  examined  microscopically,  one,  from  Point  Derrible, 
consists  (except  for  a  few  granules  of  iron  oxide)  only  of  hornblende. 
The  other  (from  just  N.  of  Port  du  Moulin)  contains  in  parts  of 
the  slice  (a  large  one)  a  very  few  granules  of  quartz,  with  a 
linear  arrangement,  and  a  grain  or  two  of  felspar.  The  hornblende 
crystals  are  often  fairly  idiomorphic,  with  characteristic  cleavage, 
and  generally  exhibit  some  tendency  to  a  parallel  ordering.  They 
are  on  the  whole  rather  uniform  in  size,  often  being  about  '06"  long 
and  *04"  wide  (in  a  transverse  section).  In  a  thin  slice  they  are  of 
a  fairly  strong  green  colour  and  dichroic,  the  tint  varying  from  a 
pule  sap  green  to  a  rather  deep  green.  The  rock  obviously  is  the 
'  homblendite '  of  certain  authors. 

It  is  by  no  means  easy  at  first  sight  to  determine  the  relations  of 
this  peculiar  rock  to  its  associates,  and  difficult  to  express  in  a 
description,  necessarily  brief,  the  effect  produced  by  the  cumulative 
evidence  of  numerous  instances.  Perhaps  the  best  method,  after  a 
few  general  remarks,  will  be  to  describe  in  detail  one  or  two  sections 
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to  which,  as  they  appeared  to  be  the  most  suggestive,  we  gave 
much  attention. 

This  horn blen die  rock  occurs  in  masses  varying  in  volume  from 
several  cubic  yards  downwards.  In  form  these  exhibit  every 
gradation  from  lenticular  lumps  and  angular  irregularly-shaped 
blocks  on  the  one  hand  to  shreds  and  streaks  on  the  other.  That  in 
qertain  cases  the  rock  has  been  shattered  and  pierced  by  an  intrusive 
rock  of  a  very  different  mineral  character  seems  beyond  question. 
The  most  conclusive  evidence  is  afforded  by  the  cliffs  south  of 
Dixcart  Bay,  when  they  are  examined  from  a  boat.  One  crag  (?  Noir 
Bee),  about  80  teet  high,  is  a  gigantic  breccia  from  crest  to  foot. 
When  the  homblend^rock  occurs  in  angular  masses  the  intruder  is 
a  pale  flesh-red  granite,  poor  in  mica,  but  as  the  former  rock  becomes 
more  lenticular  in  outline,  the  latter  becomes  greyer,  more  mica- 
ceous, and  rather  darker  in  colour,  until  at  last  the  two  are 
associated  in  a  manner  curiously  resembling  a  kind  of  current- 
bedding,^  and  suggestive  of  stratification  rather  than  of  intrusion. 
Masses  of  this  coarse  homblendic  rock  also  occur  (though  less 
frequently  and,  as  we  think,  usually  of  a  lenticular  form)  among 
the  normal  hornblende-schist. 

(a)  Section  at  the  eastern  corner  of  Point  Derrible. — ^This  section, 
unlike  many  of  those  on  the  east  coast,  can  be  easily  examined 
from  the  land,  when  once  the  rocky  arete  linking  the  promontory 
to  the  mainland  has  been  passed.^  Here  we  find  masses  of  various 
shapes  and  sizes  scattered  irregularly  in  a  sort  of  matrix  of  a  reddish, 
more  or  less  gneissose  rock.  Parts  of  the  latter  exhibit  a  very 
regular  alternation  of  bands  of  pale,  reddish  quartzo-felspathic  rock 
(an  *  aplite,*  rather  rich  in  felspar),  and  a  dark  hornblende-  or 
biotite-horn blende-rock,  the  thickness  of  each  varying  from  3"  or  4" 
downwards.  In  the  lighter-coloured  rocks  a  few  thin,  dark  bands 
may  generally  be  seen,  and  in  the  darker  a  few  reddish  lines. 
Sometimes  the  hornblende-rock  is  separated  by  veins  of  the  aplite, 
sometimes  by  a  corrugated  banded  gneiss,  as  above  mentioned.  In 
the  lower  part  of  the  section  dark  gneiss,  micaceous  or  homblendic, 
dominates  ;  higher  up  the  pale-red  aplite  bauds  are  more  abundant. 
The  one  rock,  however,  appears  to  pass  gradually  into  the  other. 
That  the  hornblende-rock  is  the  older,  and  has  been  brecciated  by 
the  intrusion  of  the  aplite  (from  which  the  banded  gneiss  cannot  be 
separated),  seems  to  be  indubitable. 

(b)  Section  near  Port  du  Moulin, — On  the  south  side  of  Port  du 
Moulin  a  natural  arch  ®  leads  to  the  rocky  shore,  at  the  base  of  the 
crags  between  this  and  the  next  recess  called  Saignie  Ba5\  After 
passing  through  the  arch  we  soon  come  to  a  projecting  mass  of  rock 

^  So  explained  by  Mr.  Hill,  Quart.  Joum.  Geol.  Soo.  vol.  xliii.  (1887) 
p.  324. 

*  At  one  part  of  this  a  little  care  is  required,  and  an  inexperienced  dimbcr 
might  get  into  difficulties. 

^  This  is  dry  only  at  half  tides.  It  must  be  remembered  that  the  rise  is 
rapid  and  the  clifTs  between  the  two  bays  are  probably  inaccessible.  At  high 
water  the  wares  break  against  them. 
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Fig.  1, — Diagrammatic  sketch 
of  relations  of  rocks  at  hose  of 
cliff,  N.  of  Natural  Arch,  Port 
dii  Moulin. 


which  forms  a  sort  of  step  or  terrace,  three  or 'four  yards  high  ahove 
the  shingle,  &c.,  to  the  top  of  which  it  is  easy  to  climb  (fig.  1).  It  con- 
aists  wholly  or  almost  wholly  of  the  ^  basement-gneiss '  (A),  above 
which,  forming  as  it  were  the  lowest  '  course  *  of  the  actual  cliff  (B), 
come  some  bands  of  pale-coloured 
aplite,  including  '  lumps '  or 
'  streaks '  of  the  hornblende-rock, 
followed  by  a  fairly  constant  mass 
of  gneiss,  consisting  of  pale  grey  or 
buff-  coloured  quartzo -  felspathi c 
and  dark  micaceous  layers,  each 
of  which  may  be  of  any  thickness 
from  about  an  inch  downwards, 
but  are  very  commonly  about  ^ 
inch  thick.  Still,  thin  lines  of 
mica  commonly  occur  in  the 
quartzo-fehtpathic  bands  and  vice 
versa.  A  hand-specimen  is 
exactly  like  hundreds  of  other 
banded  gneisses,  in  which  there 
is  so  little  fissility  that  a  specimen 
is  easily  broken  off  with  the 
broader  face  transverse  to  the 
plane  of  the  apparent  bedding. 
Here  and  there  in  this  gneiss  is 
an  elongated  ^eye'  or  even  a 
thin  streak  of  coarse  hornblende, 
identical  with  that  in  the  ap- 
parent fragments.  One  band  of 
gneiss,  about  two  feet  thick  (B'), 
could  be  traced  for  some  yards, 
being  defined,  top  and  bottom,  by 
a  seam  from  half  an  inch  to  an 
inch  thick,  consisting  generally  of 
foliated,  dark  hornblende-rock.* 
Above  and  below  this  band  lumps 
of  the  latter  rock  occur.  The 
whole  mass  from  the  top  of  the 
terrace  is  from  2  to  3  yards  thick. 
It  is  limited  by  a  band  of  rather 
fine-grained  grey  gneissoid  granite 
(C),  which,  from  its  variable 
thickness  (from  I  to  2  feet)  and 
slightly  irregular  course,  seems  to 
be  undoubtedly  an  intrusive  rock. 
Over  this,  for  about  a  couple  of 

yards  more,  we  again  find  the  dark  hornblende-rock  traversed  by  some 
granjtic  veins  (D).      Here,   however,  the  former  in  some  places 

^  From  this  a  specimen  was  taken,  tbe  microecopic  structure  of  which  will 
presently  be  described. 


B'. 


A.  Basement-gneiss. 

B.  Aplite-bands,     with    eyes     and 

streaks  of  hornblende-rock, 
passing  into  grey  banded  bio- 
Ute- gneiss,  with  occasional 
streaks  of  hornblende,  reverting 
at  the  top  rather  to  the  cha- 
racter of  the  lower  part.  6  to  8 
feet. 

,  Fairly  regular  band  of  gneiss, 
defined  at  top  and  bottom  by  a 
streak  a£  hornblende.  Nearly 
2  feet. 

Vein  of  rather  flne-grained  grey 
granite,  slightly  gneissoid. 
Nodular  homblende-rock,  seem- 
ingly running  into  bands,  with 
some  gneissoid  bands,  becoming 
more  bedded  in  aspect  in  about 
2  yards,  and  passing  up  into 
the  normal  homblende-ecbist. 


Digitized  by  VjOOQ IC 


130 


KEV.  E.  HILL  A»D  PKOF.  T.  G.  BONNET  ON  THE 


Fig.  2. — Hornblende  -  rocJc  with 
brecciated  structure,  north  of 
Natural  Arch,  Port  du  Moulin, 


exhibits  a  very  peculiisir  structure  (fig.  2).  It,  too,  appears  to  be 
composite ;  fairly  angular  masses  of  a  brighter  green  hornblende- 
rock,  without  any  distinct  foliation,  being  included  in  a  somewhat 
foliated  and  darker-coloured  mass   of  the  same   material.      This 

in  the  upper  part  of  the  mass 
appears  to  go  '  stringing '  out, 
and  to  assume  a  more  definitely 
bedded  aspect.  Over  this  brec- 
ciated portion,  the  cliff,  so  far 
as  can  be  seen,  consists  of 
banded  hornblende-schist,  often 
of  the  usual  character,  but 
sometimes  rather  gneissoid  in 
aspect. 

The  microscopic  structure  of 
these  several  rocks  must  now 
be  briefly  noticed.  In  a  rather 
large  slice  both  the  light  and 
the  dark  green  varieties  of  the 
hornblende-rock  can  be  studied. 
The  difference  between  them  is 
very  slight.  In  the  latter  the 
crystals  are  perhaps  slightly 
larger  than  in  the  former  ;  cer- 
tainly they  are  more  distinctly 
orientated,  are  of  a  richer 
colour — those  in  the  former 
having  a  pale  sea-green  tint — 
and  they  are  more  dichroic 
With  the  darker  rock,  as 
already  mentioned,  a  little  quartz  and  felspar  are  associated.  Tlie 
lighter  one  seems  to  be  pure  hornblende,  but  this  distinction  may 
be  accidental. 

A  slice  from  the  gneiss  (B'  in  fig.  1)  shows  that  the  chief  constitu- 
ents are  quartz,  felspars,  and  biotite ;  as  accessory  minerals  (all  small 
and  sparse),  we  find  a  little  iron  oxide,  apatite,  sphene,  epidote  (?), 
zircon  (?),  and  possibly  a  grain  or  two  of  tourmaline.  The  quartz 
contains  rather  numerous,  very  minute  enclosures  ;  the  felspar  is 
somewhat  decomposed,  but  the  twinning  of  plagioclase  is  frequently 
quite  distinct ;  the  biotite  generally  is  in  good  condition.  It  exhibits 
a  slight  parallelism,  and  dominates,  as  a  matter  of  course,  in  certain 
bands.  In  the  irregular  form  of  the  grains  of  quartz  and  felspar, 
in  the  occasional  encircling  of  the  one  by  the  other,  or  their  micro- 
graphic  association,  and  in  the  not  unfrequent  elongation  or  slightly 
str^Bkky  aggregation  of  the  grains  we  have  an  exact  repetition  of  the 
structure  (noticed  above)  which  is  frequently  found  in  the  gneissoid 
bands  of  the  Granulitic  Group  at  the  Lizard,  and  in  other  rather 
fine-grained  banded  gneisses.  Another  slide,  cut  f^om  a  rather 
darker  variety,  in  which  some  streaks  of  hornblende  occur,  shows  a 
similar  mica-gneiss,  containing  *•  stratuhe '  of  hornblende  identical 


^.  Granite.        B.  Horublende-rock. 

The  sketch  is  diagrammatic,  and  exag- 
gerates the  distinction  between  the 
two  varieties  of  hornblende-rock. 
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with  the  rock  described  above,  the  only  difference  being  that  in  the 
present  case  the  last-named  mineral  is  associated  with  more  quartz 
and  felspar,  and  in  places  is  interorystallized  with  a  certain  amount 
of  biotite. 

A  tihird  specimen  of  the  gneiss,  showing  bands  of  pale  reddish 
(quartzo-felspathic)  rock  and  of  one  more  micaceoas,  differs  from  the 
first  in  that  some  of  the  felsyar  grains  are  rather  larger  than  the 
rest,  as  in  a  slightly  porphjritic  rock,  and  that  in  the  more  mica- 
ceous band  a  few  grains  of  green  hornblende  occur.  These  are 
very  irregular  in  form,  and  are  associated  with  flakes  of  brown 
mica  or  some  rather  minute  and  fibrous  hornblende.  Their  appear- 
ance is  suggestive  of  a  partial  destruction  of  a  large  crystal 
(fig.  3). 

Fig.  3. — Hornblende,  apparendy  partly  replaced  bif  and  associated 
with  biotite. 


Magnified  50  diameters. 
Hornblende  dotted ;  biotite  faintly  lined  ;  quartz  and  felspar  left  wbite. 

It  may  be  well,  before  drawing  an  inference  from  this  section,  to 
notice  briefly  the  evidence  to  be  found  in  Port  k  la  Jument.  There 
many  lenticular  pieces  of  the  usual  hornblende-rock  (generally 
rather  smaller  in  size  than  in  the  last  case)  occur  in  a  banded 
gneiss,  consisting  usually  of  light  quartzo-felspathic  and  dark 
micaceous  layers  of  various  thickness,  as  above  described ;  the  mass 
of  hornblende-rock  sometimes  resembles  tom-off  slabs,  sometimes 
appears  to  have  been  drawn  out  like  a  viscid  mass  ;  here  and  there 
in  the  gneiss  a  thin  band  of  hornblende  can  be  traced  for  several 
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Fig.  4. — Etlatians  of  gneis- 
soid,  dfc,  rocks  a  little 
above  the  sJwre  in  Port  a 
la  Jument,  (jV.  of  tfte 
path.)     . 


feet,  interbedded  with  the  compact  granitoid  composent.  In  places, 
however,  a  fairly  coarse  granitoid  rock  appears  to  break  in  among 
the  others.  Beneath  the  whole  is  a  low  terrace  of  the  basement^ 
gneiss.  The  annexed  diagrams  will  serve  to  show  the  association  in 
one  of  the  more  uniform  parts  (fig.  4)  and  the  mode  in  which 

gneissoid  or  granitoid  rocks  enfold 
the  lumps  of  hornblende  in  one  of 
the  more  irregular  parts  (fig.  5). 

(c)  (7oncZu«o«*.-— From  these  ob- 
servations, and  others  which  it  would 
be  tedious  to  describe  in  detail,  we 
conclude  that  a  basic  rock,  now 
represented  by  the  homblendic  rock, 
is  the  oldest.  This  was  shattered 
by  the  intrusion  of  a  rather  acid  rock, 
represented  by  the  veins  of  felspathic 
aplite.  By  this  it  was  sometimes 
softened  and  drawn  out,  and  portions 
of  it  (probably  small  in  size)  occa- 
sionally were  actually  melted  down. 
In  this  case  the  constituents  derived 
from  the  hornblende,  when  the  mass 
consolidated,  combined  with  some  of 
those  in  the  material  of  the  aplite, 
and  thus  much  of  the  biotite  was 
produced.* 

The  whole  mass  probably  continued 
to  move,  slightly  and  slowly,  during 
crystallization,  and  to  this  both  the 
macroscopic  banding  of  the  gneiss 
and  its  peculiar  microscopic  structure 
are  due.^  In  short,  we  find  here 
(with  certain  obvious  but  theoreti- 
cally unimportant  differences)  another 
instance  of  the  process  which  we  are 
now  satisfied  must  have  occurred  in 
more  than  one  banded  rock  at  the 
Lizard. 

But  how  is    this   gneissic    series 
(which  seems  to  be  not  easily  sepa- 
rable from  the  ordinary  hornblende- 
schist    and    gneiss)   related    to   the 
Is  the  last  only  the  main  mass  of  the  magma, 


1.  Basement-gneiss. 

2.  Granitoid    rook,  parted  from 

(1)  by  a  crack  or  a  hom- 
blendic (?)  seam.  About  8 
inches. 

3.  Banded    biotite-gneiss,  rather 

quartzose,  about  10  or  12 
inches. 

4.  Granitoid  rock,  about  16  inches. 

5.  Banded  biotite  (or  hornblende) 

gneiss,  with  occasional  len- 
ticular masses  of  hornblende- 
rock  and  bands  of  greyish 
red  gneissoid  or  granitoid 
rock.  It  forms  one  mass, 
extending  upwards  for  some 
yards. 


basement-gneiss ! 

^  K.  A.  Lossen  (Oongres  Intemat.  G6ol.,  Gomptes  Bendus  de  la  4™*  Session 
(1888),  p.  184)  speaks  of  alteration-products  rich  in  biotite  occurring  in  diabases 
(at  the  expense  of  pyroxenes)  when  diabase  has  been  broken  into  by  granite  or 
gabbro.  Also  G.  Callaway  (Quart  Joum.  Geol.  Soc.  vol.  x\v,  (1889)  p.  480) 
asserts  the  formation  of  biotite  from  hornblende  through  chlorit«,  as  the  result 
of  shearing  in  a  homblendic  granite ;  but  obviously  these  cases  are  different  from 
the  mode  of  production  whidi  we  describe. 

^  Namely,  not  only  the  arrangement  but  also  the  forms  of  the  grains  of  quarts 
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from  which  the  granitic  bands  aboye  mentioned  have  proceeded, 
or  is  it  distinct  from  them?  The  difference  between  the  two 
rocks  is  not  great,  and  the  fact  that  this  brecciated  mass,  on 
both  sides  of  the  island,  appears  commonly  to  occur  immediately 
above  the  basement- gneiss  might  be  urged  in  favour  of  the  former 
thesis.  At  the  same  time  we  occasionally  met  with  masses  of  the 
coarse  hornblende-rock  at  considerable  distances  from  the  basement- 
gneiss,  both  in  the  normal  hornblende-schist  and  in  the  banded 
gneiss,  and  we  found  it,  as  already  said,  almost  impossible  to  draw 
any  definite  line  of  separation  between  these  two  rooks  and  the 
distinctly  brecciated  parts. 

Eig.  5. — Edatums  of  granitoid  and  gneissoid  hands  to  hornblende- 
rock  in  Port  d  la  Jument. 


X  FngmentB  (in  plaoes  passing  into  streakK)  of  hornblende-rock. 
A  to  J3  measures  15  inches. 

The  evidence  in  the  sections  described  above  was  not  to  our  minds 
conclusive.  At  the  same  time  the  basement-gneiss  seemed  always 
to  maintain  a  character  of  its  own,  to  be  sometimes  distinct  from 
the  overlying  rock,  and  to  suggest  at  others  a  slight  fusion  or 
confusion  of  its  upper  surface  with  that  rock,  such  as  might 
occur  during  an  intrusion  under  exceptional  circumstances,  rather 
than  an  identity  with  the  granitic  or  gneissic  veins.  These 
also,  where  they  are  most  distinctly  veins  and  most  granitic  in 
character,  are  aplites  (as  has  been  said),  considerably  lighter  in 
colour  and  poorer  in  mica  than  the  basement-gneiss.  -  Moreover  the 
basement-gneiss  occasionally  (as  in  Port  du  Moulin  just  north  of  the 
path  leading  to  the  shore)  contains  included  masses  which  closely 
resemble  the  hornblende-schist.     Again,  once  or  twice  south  of  Port 

and  felspar,  which,  as  has  been  so  often  pointed  out  by  one  of  the  Authors, 
differ,  in  the  absence  of  idiomorphio  crystals  and  in  their  peculiar  outlines, 
fVoDj  those  in  ordinary  holocrystalline  igneous  rocks.  The  brecciated  aspect  uf 
the  hornblende-rock  may  be  due  to  a  shattering  of  the  mass  at  the  time 
of  the  intrusion,  and  a  certain  amount  of  minexul  change  in  the  outer,  more 
disturbed,  and  more  heated  portions. 


Digitized  by  VjOOQ IC 


134 


JBtEV.  E.  HILL  AND  PBOP.  T.  Q.  DONHEY  ON  THE 


V.  Granite  vein.         G.  Ban<}ed  gneiss. 


du  Moulin,  the  banded  gneiss  is  distinctly  cut  by  veins  (subsequent 
to  the  date  of  its  structure)  which  macroscopically  resemble  closely 

the  basement-gneiss.      More 

Fig.  6. — Oranite  vein,  slightly  foli-    than  one  instance  of  this  may 

a  ted,  intrusive  in  handed  gneiss,     be    seen    in    Peg&ne    Bay.* 

Olifff  Pegdne  Bay,  Here  is  a  very  rough  diagram 

(for  to  represent  the  original 
accurately  would  require 
either  hours  of  work  with 
the  pencil,  or  a  photograph). 
The  rock  of  the  vein  also 
exhibits  in  places  a  slight 
foliation,  so  that  in  a  hand- 
specimen  it  would  be  regarded 
as  a  gneiss.  On  microscopic 
examination  we  find  nothing 
to  separate  it  from  the  base- 
ment>-gneiss,  except  perhaps 
that  it  contains  rather  less 
biotite.  Among  the  felspar 
is  some  microclino.  Perhaps, 
however,  the  most  important 
fact  to  which  this  vein  testifies  is  that  here,  in  an  undoubtedly 
intrusive  rock,  we  find  precisely  the  same  structures,  viz.  the 
irregular  forms  of  the  quartz  and  felspar,  the  inclusion  of-  the 
one  by  the  other,  and  their  occasional  micrographic  association, 
as  those  that  are  characteristic  of  the  gneissic  rocks  which  have 
been  so  often  discussed.^ 

Thus,  taking  account  of  all  the  cases  observed,  our  interpretation 
of  the  history  of  these  and  other  banded  gneisses  seems  justified, 
and  on  that  assumption  we  think  it  most  probable  that  the  basement- 
gneiss,  instead  of  being,  as  it  has  hitherto  been  supposed,  an  older 
rock  than  the  hornblende-schists  and  banded  gneiss,  is  really  newer, 
though  the  difference  in  age  need  not  be  great. 

Here  it  may  be  well  to  notice  some  cases  in  Guernsey  which 
corroborate  onr  explanation  of  the  banded  structure  in  these  crys- 
talline rocks,'  viz.  that  it  is  due  to  a  fluxional  movement  anterior  to 

'  Pegdne  Bay  is  immediately  south  of  Port  du  Moulin,  and  is  reached  thence 
by  passing  through  a  cleft  and  round  the  next  promontory,  over  rocks  laid 
bare  by  the  faUing  tide. 

*  A  parallel  case  occurs  in  a  headland  on  tbe  north  side  of  the  west  bay  below 
the  Ooup^.  Here  we  find  a  diorite  intrusive  into  tbe  eneissic  rock.  In 
one  part  it  is  a  mottled  pink  and  green  rock,  some  of  tbe  felspars  being  rather 
longer  and  redder  than  the  others  ;  in  another  part  a  few  yards  away  the  red 
grains  remain,  but  appear  in  a  rather  streaky  groundmass  consisting  of  ihe 
other  felspar  and  of  hornblende,  recalling  some  of  the  streaky  'augengabbros' 
(though  less  deBnite  than  they)  of  the  Lizard.  The  one  variety  shades  imper- 
ceptibly into  the  other,  and  there  is  nothing  to  suggest  a  crush,  for  though  the 
gneiss  may  have  suflered  from  one,  that  clearly  was  anterior  to  the  date  of  the 
intrusion. 

'  It  must  not  be  forgotten  that  sometimes  a  slight  foliation  is  exhibited  by 
veins  of  dioritio  or  granitic  rock,  intrusive  (as  mentioned  below)  in  the  horu- 
blendie  and  gneissic  group,  wbere  there  is  no  sign  whatever  of  any  subsequent 
disturbance,  and  also  in  the  granitic  masses  at  the  N.  and  S.  ends  of  Sark. 
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the  final  consolidation  of  the  mass.  At  Point  Norman  we  find  that 
the  curions  ledges  into  which  the  rock  weathers  are  caused  by  the 
<  streaking '  of  the  normal  rock  (a  diorite)  by  a  rather  more  f el- 
spathic  and  fine-grained  variety.^  Again,  a  quarry  in  the  '  bird's- 
eye'  diorite,^  south  of  the  Saumarez  monument,  shows  a  curious 
interstreaking  of  slightly  different  varieties,  dondlike  stratulfiB  of  a 
more  hornblendic  rock  occurring  in  a  more  felspathic  one.  Another 
ease  occurs  on  the  shore  to  the  north  of  St.  Peter's  Port,  about 
20  }  ards  south  of  Hogue  h  la  Perre  battery.  Here,  in  a  mass  of 
'biniVeye'  diorite,  the  normal  rock  is  occasionally  streaked  with 
lighter--col9ured  bands,  the  latter  being  formed  by  a  finer-grained, 
slightly  more  felspathic  rock,  in  which  now  and  again  a  crystal  of 
the  larger  hornblende  may  be  seen,  and  the  latter  mineral  has  a 
tendency  to  occur  in  streaky  clouds.'  Obyiously  the  rock  is  of 
igneous  origin,  and  these  bands  are  not  the  resiilt  of  subsequent 
mechanical  disturbances,  but  must  be  due  to  the  mixture  of  two 
slightly  different  magmas.* 

But  we  are  indebted  to  Messrs.  W.  Sharp  and  J.  Whitehead,  P.G.S., 
of  Guernsey,  for  a  still  better  example.  In  some  of  the  '  bird'&-eye ' 
quarries  a  rather  foliated  variety  of  the  rock  occurs,  called  '  longrain ' 
by  the  workmen.  The  specimen,  sent  to  us,  is  a  slab  about  6"  x  3" 
square,  composed  of  a  layer  of  *  longrain '  and  one  of  a  pale  grey 
felspathic  rock.  The  breadth  of  the  latter  layer  is  slightly  under 
half  an  inch,  and  that  this  is  its  whole  thickness  is  proved  by  a 
'  skin '  of  the  hornblendic  variety  on  the  outer  surface  of  the  idab 
(a  joint  face).  The  other  (fractured)  surface,  that  of  the  '  longrain ' 
layer,  exhibits  the  usual,  generally  parallel  ordering  of  the  horn- 
blende crystals,  and  it  has  an  interrupted  silky  lustre.^  Under  the 
microecope  the  hornblende  in  the  dark  layer  is  moulded  on  the 

^  Quart.  Joum.  Qeol.  Soo.  toI.  xl.  (1884)  p.  406. 

^  The  name  giTon  by  the  quarrymen  to  ihe  variety  with  porphyritio  orystals 
of  hornblende. 

'  One  band  was  about  2'*  wide ;  it  was  followed  by  a  more  hornblendic  band 
(without  distinct  'eyes')  about  '5",  and  that  by  a  fehpathio  streak  on  an 
average  about  '25"  wide.  Then  came,  as  at  the  bottom,  perfectly  normal  rock. 
After  rather  less  than  a  yard  the  white  band  is  succeeded  by  a  band  like  the 
Mcond  named. 

*  We  quote  these  instances  because  they  occur  within  a  few  miles  of  Sark ;  it 
win  be  enough  to  refer  to  the  paper  by  Prof.  Bonney  and  Major-G^eral 
McMahon  on  the  Lizard  (vol.  idvii.  (1891)  p.  464)  for  others,  and  the  former 
author  wishes  to  add  that  during  his  last  journey  in  ihe  Alps  he  has  obtained 
evidence  corroborative  of  the  views  advanced  in  that  paper  with  regard  to  the 
banding  of  the  gabbro. 

^  [It  was  suggested  by  Mr.  Barrow  in  the  discussion  that  the  planes  visible 
m  the  hornblende  on  the  flat  surface  of  the  '  longrain '  were  pinacoids,  so  the 
specimens  in  our  possession  have  been  carefully  examined.  As  the  felspar 
crystallized  first,  the  faces  of  the  hornblende  crystals  are  often  not  well  formed, 
but  those  of  the  primary  prism  are  certainly  better  developed,  in  this  and  in 
the  hornblende-rock,  than  either  pinacoid  (the  orthopinacoia  is  often,  as  usual,, 
suppressed)  ;  the  surfaces  visible  on  the  flat  sides  of  tine  '  longrain '  are  those  of 
cleavage-planes.  As  the  hornblende  crystals  lie  with  their  longer  axes  roughly 
in  one  plane,  the  rock  obviously  cleaves  more  easily  in  this  direction.— T.  G.  B., 
February.  1892.] 

Q.  J.  G.  S.  No.  190.  L 
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felspar,  shows  characteristic  cleavages,  is  generally  of  a  light  raw- 
umher  colour  slightly  tinged  with  green,  is  dichroic,  changing  from 
a  rather  more  yellow  tint  of  the  aforesaid  colour  to  an  olive  brown, 
and  is  darkened  rather  irregularly  with  disseminated  opacite.' 
Small  crystals  of  apatite  and  grains  of  iron  oxide  (?  in  part  ilmenite) 
are  fairly  common,  each,  when  small,  being  not  seldom  enclosed  in 
the  hornblende.  Both  are  comparatively  rare  in  the  lighter  layer. 
Sphene  occurs,  but  is  rare.  The  felspar  in  both  parts  is  fairly  idiomor- 
phic.  It  exhibits  multiple  twinning  on  the  albite  and  peridine 
typos,  the  former  being  the  commoner ;  that  in  the  darker  layer 
seems  less  well  preserved,  but  gives  tints  of  a  higher  order,  and  its 
extinction-angles  seem  to  be  larger ;  those  in  the  lighter  do  not ' 
generally  exceed  21^  measured  from  the  trace  of  the  composition- 
plane.  Hence  it  seems  probable  that  the  felspars  in  the  former  are 
labradorite,  in  the  latter  are  nearer  to  andesiue  or  oligodase.  In 
the  former  also  quartz  is  rare ;  in  the  latter  it  is  not  uncommon  in 
the  intervals  between  the  felspar.  Biotite  is  present,  and  its  mode 
of  occurrence  is  remarkable.  In  the  dark  layer  generally  it  is  not 
common,  but  is  abundant  at  the  junction  with  the  light  one  in  a 
kind  of  selvage  about  one  tenth  of  an  inch  thick,  the  flakes  usually 
ranging  from  about  *01"  to  *03"  in  length,  though  they  are  sometimes 
smaller.  They  cling  to,  and  seem  to  penetrate  into,  and  to  be 
formed  within  the  hornblende  grains  (c/.  fig.  3,  p.  131),  which  in  Uiis 
part  as  a  rule  are  comparatively  free  from  opacite  and  of  a  more 
distinctly  green  colour.  In  some  cases  the  mica  actually  seems  to 
replace  part  of  a  hornblende  crystal.^  In  the  lighter  layer  biotite 
also  occurs,  but  it  is  not  abundant ;  here  it  is  occasionally  asso- 
ciated with  grains  and  flakes  of  hornblende,  which  have  a  *•  residual ' 
aspect.  Both  hornblende  and  felspar  throughout  exhibit  a  slight 
orientation.  Occasionally  there  are  some  signs  of  strain,'  but  none 
of  crushing.  A  careful  study  of  this  rock  has  suggested  the  fol- 
lowing inferences  : — (1)  that  the  biotite  is  not  so  old  as  the  horn- 
blende ;  (2)  that  it  was  formed  in  part  at  least  at  the  expense  of  the 
hornblende,  but  that  this  took  place  before  the  final  consolidation  of 
the  mass ;  (3)  that  some  movement,  probably  slight,  occurred  during 

^  Not  a  little  of  this  consists  of  minute  belonites ;  these  lie  roughly  at  right 
angles,  and  seem  to  have  no  relation  to  the  existing  cleavages.  Is  it  possible  that 
they  indicate  planes  which  have  disappeared  and  that  the  mineral  originally  was 
augite  ?  As  oearing  on  this  it  may  be  noticed  that  some  grains  of  a  brownish 
mineral,  one  being  rather  large,  appear  in  the  lighter  band  in  one  slide.  In 
colour  it  is  a  light  brown,  but  is  not  very  clear,  parts  being  of  a  sliffhtly  darker 
tint  and  more  dichroic  than  the  rest ;  a  cleavage  is  perceptible,  but  unfortu- 
nately does  not  aid  much  in  determining  the  mineral.  Here  and  there  the  latter 
is  associated  with  grains  of  iron  oxide  and  a  little  green  hornblende,  and  the 
large  grain  is  pierced  by  the  felspar,  and  so  of  later  consolidation.  This 
miner^  presents  some  resemblance  to  sphene,  but  is  more  probably  a  variety  of 
auffite. 

^  It  may  be  noticed  that  at  the  selvage  the  felspars  commonly  are  smaller 
than  elsewhere. 

^  In  one  case  a  crystal  of  felspar  appears  to  have  been  ruptured  by  a  strain, 
and  the  intervening  space  is  occupied  by  a  felspar  of  somewhat  different  nature, 
through  which,  however,  the  banos  of  multiple  twinning  are  continuous  though 
they  are  less  distinct 
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the  last  stage,  and  that  this  produced  the  slight  foliation ;  (4)  that 
the  rook  exhibits  an  imperfect  mixture  of  two  magmas  of  somewhat 
different  chemical  composition,  and  this  mixture  may  possibly  bo 
the  result  of  a  quasi-intrusive  process  on  the  part  of  the  more 
felspathic  magma,  though  very  probably  neither  was  it  perfectly  fluid 
nor  the  dark  one  pei*fectly  solid. ^ 

We  trust  then  that  we  have  demonstrated  from  the  evidence  dis- 
cussed above  that  a  rock,  which  macroscopically  and  microscopically 
Tvould  be  recognized  as  a  perfectly  normal  banded  gneiss,  can  be 
produced  by  fluxional  movement  in  a  mass,  as  yet  either  uncon- 
solidated or  imperfectly  consolidated,  and  consisting  of  somewhat 
different  materials.^ 

This  rock  exhibits,  as  has  been  pointed  out,  many  distinctive 
characters.  But  we  find  similar  characters  in  a  large  number  of 
gneisses  and  crystalline  schists.  For  instance,  they  are  present  in 
the  group  of  the  banded  gneisses,  which,  as  described  above,  are  so 
abundant  in  Sark,  and  in  parts  of  the  hornblende-schist  (making 
allowance  for  differences  which  are  caused  where  that  mineral  pre- 
dominates). We  must  not  be  rash  in  drawing  conclusions,  for  we 
have  not  attempted  to  examine  all  the  varieties  of  the  gneiss  and 
of  the  hornblende-schist.  We  have  only  studied  the  types  which 
-were  most  characteristic  of  the  one,  and  those  which  promised  to 
be  most  fruitful  of  results  in  the  other.  But  each  case  leads  us  to 
the  same  conclusion.  Allowing  for  the  slight  effects  of  subsequent 
mechanical  disturbances,  the  banded  gneiss  described  in  section  (c) 
appears  to  us  structurally  inseparable  from  that  of  which  the  origin 
has  been,  in  our  opinion,  demonstrated.  Again,  the  broad-banded 
variety  of  hornblende-schist  described  in  (b)  ia  produced  by  the 
interstreaking  of  a  granitic  and  dioritic  rock,  and  so  is  really  more 
dosely  related  to  one  of  the  normal  members  of  the  Lizard  Granu- 
litic  Group  than  to  one  of  the  Homblendic  Group.  Yet  from  this 
variety,  which  must  be  similarly  explained,  it  does  not  seem  possible 
to  separate  the  normal  hornblende-schist  of  the  island,  in  which  the 
materials  appear  to  be  more  completely  mixed,  so  that  a  slight 
foliation,  but  not  a  banding,  has  been  produced  by  the  fluxional 
movement. 

Thus  our  investigations,  so  far  as  they  go,  are  in  favour  of 
assigning  an  igneous  origin  to  these  banded  rocks  (gneisses  and 

^  We  do  not  suppose  that  when  the  intrusion  occurred  the  rocks  were  exactly 
in  their  present  position,  but  that  they  have  moTed  onwards  together. 

'  After  this  paper  had  been  forwaraed  to  the  Society  my  attention  was  called 
in  conversation  to  a  section  in  Beyer's '  Theoretisobe  Geologie,'  p.  810,  where  he 
makes  some  valuable  remarks  on  the  occurrence  of  similar  structures  (Schtiere). 

[Beferenoe  should  also  be  made  to  the  cases  quoted  by  Mr.  Lawson  in  his 
paper  printed  in  the  '  Oomptes  Bendus,  Oonpirds  Intemat.  G^ol.'  (1888)  p.  143, 
and  described  at  greater  length  in  his  memoir  on  the  '  G^logy  of  the  Bainy 
Lake  Begion ' ;  but  the  possibility  of  such  a  process  had  been  present  for  some 
time  prenously  in  my  own  mind,  and  I  may  say  that  the  conclusions  in  this 
paper  have  been  arrived  at  independently.  Indeed,  the  absence  of  an  important 
link  in  the  chain  of  reasoning  in  the  first  paper  caused  me  to  pay  less  attention 
to  it  than  the  second  showed  it  to  deserve.  Be  it  understood  that  I  make  no 
claim  to  priority.]— T.  G.  B. 

l2 
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homblende-schistB)  of  Sark,  however  closely  they  may  Bimulate 
stratification. 

As  an  hypothesis  to  explain  the  whole  series — bat  this,  it  must  be 
remembered,  is  advanced  only  as  an  hypothesis — we  suggest  that 
formerly  two  magmas  existed,  the  one  now  represented  by  the  aplite 
or  granite  of  tbe  veins  and  the  bands  similar  in  composition,  the 
other  by  the  lumps  of  coarse  hornblende;  that  after  the  latter 
had  become  solidified,  at  least  locally,  the  more  acid  rock  came  in, 
brecciating  it  here,  more  or  less  melting  it  there,  the  two  flowing  on 
together,  at  any  rate  in  places,  and  producing  the  structures  which 
have  been  described  in  this  paper.  In  some  cases,  as  in  the  more 
finely  banded  gneisses  and  the  more  imiform  masses  of  hornblende- 
schist,  the  one  magma  or  the  other  dominates,  though  in  it  a  small 
portion  of  the  other  may  have  been  dissolved,  but  in  othera  it  by  no 
means  follows  that  either  the  one  rock  or  the  other  was  wholly  liquid. 
From  what  has  been  said,  it  is  obvious  that  very  probably  the  crystals 
in  the  lumps  of  coarse  hornblende-rock  had  been  formed  anterior  ta 
this  period,  but  other  parts  of  the  same  rock  may  have  been  partially 
melted.  The  more  granitic  rock  also  may  have  contained  its  own 
crystalline  constituents  at  the  time  of  its  intrusion,  so  that  in  the 
mass  as  a  whole  almost  every  stage  may  have  existed  from  a  viscous 
fluid  to  a  holocrystalline  solid.  ^ 

By  what  interval  of  time  the  phases,  described  above,  were 
separated,  there  is  nothing  to  show.  It  is  not,  however,  very 
probable  that  a  distinctly  acid  rock,  such  as  the  aplite,  would  follow 
immediately  after  one  no  less  distinctly  basic  such  as  the  '  hom- 
blendite'  or  certain  parts  of  the  homblende-Bchist.  Nor  is  it 
|M)ssible  to  say  at  what  depth  beneath  the  surface  these  fluxional 
movements  occurred.  Some  of  the  phenomena  are  suggestive  of  a 
comparatively  unimpeded  flowing  over  a  considerable  area,  but  the 
crystalline  condition  of  the  rocks  indicates  a  rather  slow  cooling,  so 
that  we  must  assume  either  exceptional  conditions,  if  the  depth  below 
the  surface  was  great,  or  a  much  more  rapid  increase  of  crust 
temperature  than  now  prevails  generally,  if  it  was  but  smaU.  There 
is  nothing  to  connect  the  movements  with  any  known  epoch  of 
mountain-making ;  they  were  long  anterior  to  the  great  post-Car- 
boniferous disturbances.' 

^  To  preyent  misunderstanding,  it  may  be  well  to  state  that  the  Authors 
(after  another  yisit)  adhere  to  their  opinion  as  to  the  origin  of  the  foliation  in 
the  great  moss  of  gneiss  forming  the  southern  part  of  Guernsey  and  are  fully 
oonvinoed  that  this  is  a  pressure-structure^  the  original  rock  haying  been  a  per- 
phyritic  granite.  It  may  be  of  interest  to  mention  that  in  a  dyke  of  diabase 
which  cuts  the  '  wriggling '  banded  gneiss  on  the  western  shore,  rather  to  the 
south  of  the  actual  ridge  of  the  Coupee,  they  found  2  or  3  fragments  of  an  aitgen 

fieiss,  which  reminded  them  of  the  rock  of  Lihou  or  Ler^  Bay  in  Guernsey, 
his  is  the  only  case  where  they  haye  seen  anything  in  Sark  to  recall  these,  the 
oldest  rocks,  as  they  fully  believe,  in  the  Channel  Islands. 

3  Hill,  Quart.  Joum.  Geol.  Soc  yoL  xly.  (1889)  pp.  387-89;  Bonner,  ibid, 
Tol.  xliii.  (1887)  p.  319. 
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Past  II.  The  later  Intbusiye  Eoces. 

Among  the  gneissoid  rocks  mentioiied  above  it  is  not  unusual  to 
find  intrusive  veins  which  are  very  closely  welded  to,  and  sometimes 
seem  almost  inseparable  from,  the  rocks  into  which  they  break.  They 
are  generally  moderately  coarse,  mottled  reddbh  and  greenish 
granitic  or  dioritio  rocks,  with  a  superficial  resemblance  to  the 
basement-gneiss  (being  often  slightly  foliated). 

In  some  cases,  as  stated  above  (p.  134),  they  probably  are  that  rock, 
in  others  they  are  less  quartzose.  One  from  the  cliflfs  south  of  Port 
du  Moulin  is  a  mica-diorite,  rather  rich  in  apatite,  and  containing  a 
little  quartz.  So  is  another  from  Saignie  Bay,  but  it  contains  one 
or  two  zircons.  Another  from  Greve  de  la  Ville  is  much  the  same, 
but  with  rather  more  quartz,  and  more  nearly  allied  to  the  granite. 
A  fourth  from  Dixcart  Bay,  which  breaks  into  a  hornblende-schist, 
is  not  very  different,  only  it  contains  hornblende  as  well  as  biotite. 
These,  however,  probably  are  not  much  more  recent  than  the  rocks 
in  which  they  occur.  So  we  pass  on  to  those  intrusive  masses 
which  are  distinctly  of  a  later  date.  These  have  been  already 
briefly  described  by  Mr.  Hill,'  but  we  are  enabled  to  add  a  few 
particulars  which  may  be  of  interest. 

First,  as  regards  the  great  masses  of  granitic  rock  whicl  form  the 
northern  and  the  southern  parts  of  the  island.  Undoubtedly,  as 
affirmed  by  Mr.  Hill,  these  are  intrusive  into  the  group  of  hornblende- 
schists  and  bedded  gneisses ;  of  this  we  obtained  further  proofs. 

It  is,  however,  doubtful  whether  the  southern  mass  should  continue 
to  be  designated  a  granite.  It  became  evident  on  closer  study  in 
the  field  that  quartz  was  not  conspicuously  present,  and  microscopic 
examination  shows  the  rock  to  be  a  diorite,  containing  a  fair  pro- 
portion of  biotite,  quartz  occasionally  occurring  as  an  accessory. 
Apatite  is  rather  conspicuously  present,  but  we  do  not  purpose  to 
enter  into  the  minor  petrographical  details.  The  Brecqhou  rock 
also  appears  to  be  rather  a  quartziferous  diorite  than  a  true  granite. 
There  is  rather  more  quartz  and  biotite  in  the  rock  at  the  northern 
end  of  Sark,  so  it  may  be  left  with  the  hornblendic  granites  until  it 
has  been  submitted  to  a  more  minute  petrographical  study,  but  it  is 
not  unlikely  that  it  will  prove  to  be,  more  strictly  speaking,  a 
tonaJite. 

Mr.  Hill  drew  attention  to  the  rarity  of  dykes  of  felstone  or  fine- 
grained granite.  To  the  dyke  of  the  Boutiques  caves  mentioned  by 
him  (which  cannot  be  distinguished  from  that  on  the  headland)  we 
may  add  a  rather  similar,  but  slightly  more  compact-looking  rock, 
forming  a  dyke  near  the  Port  on  the  south  side  of  Brecqhou,  another 
narrow  compact  dyke  on  the  eastern  end  of  Point  Derrible,  and  a 
third  on  the  Burons  which  is  a  little  darker  in  colour. 

The  Boutiques  dyke,  on  microscopic  examination,  exhibits  some 
rather  small  felspars,  crowded  with  fibrous  secondary  microliths,  and 
giving  bright  tints  with  the  crossed  nicols,  set  in  a  mosaic  of 
quartz  and  felspar,  the  structure  of  which  sometimes  approaches  to 

^  Quart.  Joam.  Geol.  Soo.  vol.  xliii.  (1887)  p.  332. 
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micrographic.  In  this  is  a  fair  amount  of  biotite,  with  some  white 
mica  in  small  flakes,  the  former  being  rather  dirty-looking.  The 
rook  is  a  qnartz-felsite.  The  specimens  from  the  other  dykes  do 
not  contain  distinct  grains  of  quartz,  but,  so  far  as  can  be  deter- 
mined without  microscopic  examination,  they  are  quartz-felsites,  a 
little  hornblende  being  probably  present,  at  least  in  the  Brecqhou 
dyke. 

We  also  found  on  the  south  side  of  the  western  bay  at  the  Coupee 
a  dyke,  about  3  yards  wide,  of  a  moderately  fine-grained  granite  of 
a  reddish  colour.^ 

As  Mr.  Hill  pointed  out,  dykes  of  greenstone  abound  in  Sark,  aa 
in  the  other  islands.  To  their  petrographical  details  a  memoir 
might  be  devoted ;  they  are  generally  rather  compact,^  sometimes, 
at  the  edges  or  in  thin  offshoota,  so  much  so  as  to  suggest  a  former 
glassy  condition ;  more  rarely  fairly  coarse,  not  often  porphyritic' 
They  are  doubtless  diontes  or  diabases  (generally  homblendic),  but 
we  have  not  thought  them  as  a  rule  worth  microscopic  study,  and 
will  only  mention  one,  since  it  is  slightly  exceptional. 

The  specimen  is  from  a  dyke  which  cuts  the  dioritic  rock  of  Little 
Sark  (just  mentioned),  running  up  the  diff  in  Vermande  Bay  and  at- 
taining a  thickness  of  at  least  20  feet.  It  is  a  dark  slate-grey  (with 
a  faint  reddish  tinge)  in  colour,  sufficiently  coarse  in  texture  to  have 
a  slightly  'speckled'  aspect,  rough  in  fracture,  with  occasional 
amygdules  of  rather  irregular  form  and  a  dull  sea-green  colour. 
Under  the  microscope  we  find  that  the  groundmass  exhibits  an  ophitic 
structure,  the  plagioclase  felspar  occurring  in  cr}'^stals  which  average 
about  -06"  in  length ;  the  augite,  which  is  in  smaller  grains  and 
less  abundant,  being  generally  rather  decomposed  and  often  replaced 
by  \iridite.  The  larger  felspars  are  very  much  decomposed,  the 
amygdules  are  irregular  in  outline  and  bordered  by  a  thin  zone  of  a 
pale  green  chloritic  mineral,  and  occupied  mainly,  if  not  wholly,  by 
calcite. 

The  handsome  rock  intrusive  in  the  granite  at  the  Eperqueties 
Landing  deserves  a  little  fuller  notice  than  it  has  yet  received.^ 
The  porphyritic  felspars  in  this  rock  are  sometimes  about  half  an 
inch  long,  and  do  not  diminish  in  size  at  the  edges  of  the  dyke. 
Under  the  microscope,  they  are  seen  to  be  crowded  with  secondary 
microliths,  which  make  on  exact  determination  of  the  species  im- 
possi1)le,  but  probably  most,  if  not  all,  are  plagioclase.  A  fair 
amount  of  biotite,  more  or  less  altered,  occurs  in  small  ground  flakes, 

^  In  Mr.  Hill's  collection  is  a  moderately  coarse  grey  granite  which  he  ob- 
tained some  years  since  on  Little  Sark  in  tne  part  occupied  by  the  above-named 
diorite.  Microscopic  examination  shows  this  to  be  a  true  granite.  We  bad 
not  time  to  search  for  it  during  our  last  visit,  but  we  suspect  this  will  prove  to 
be  intrusive  in  the  diorite. 

^  But,  in  many  of  these,  examination  with  a  lens  shows  them  to  be  probably 
holocrystalline,  with  a  minute  ophitic  structure. 

^  There  is  a  fairly  porphyritic  dyke  on  the  S.  side  of  Brecqhou,  E.  of  the 
Port ;  but  the  most  remarkable  is  the  well-known  dyke  at  the  Eperqueriea 
Landing. 

^  As  it  also  cuts  through  a  greenstone  dyke  it  must  be  a  rather  late  in* 
trusion. 
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with  iron  oxide,  sphene  and  a  litde  apatite ;  small  crystals  of  felspar 
are  nnmerous, — of  these  most  are  plagioclase,  but  some  in  their 
form  and  their  twinning  on  the  Carlsbad  type  suggest  orthoclase. 
The  intervening  gronndmass  shows  a  frequent  approach  to  a  micro- 
graphic  or  spherulitic  structure.     Thus  the  rock  is  a  mica-porphyrite, 

A  rather  similar  but  less  coarsely  porphyritic  rock  occurs  on 
Brecqhou,  on  the  E.  side  of  the  Port,  and  a  dyke,  rather  like  that 
at  the  Eperqueries  Landing,  but  too  rotten  for  examination,  runs 
up  the  cliff  S.  of  the  Coupee  (W.  side).  As  pebbles  rather  like  the 
Eperqueries  rock  are  not  rare  on  the  shore  about  here,  the  identi- 
Hcation  is  rendered  more  probable. 

In  1889  we  discovered,  on  the  shore  at  Port  du  Moulin,  one  or 
two  blocks  of  a  variety  of  picrite;  ^  but  time  and  tide  prevented 
us  from  seeking  the  rock  in  situ.  On  our  next  visit  we  searched 
carefully.  At  last,  at  the  base  of  a  slightly  projecting  crag  which 
lies  roughly  east  of  the  Great  Autelet,  two  or  three  small  humps  of 
a  similar  rock  were  seen  projecting  from  the*  shingle.  The  height 
of  the  part  exposed  is  not  more  than  a  couple  of  feet,  and  it  can 
only  be  traced  for  a  very  few  yards ;  but  another  low  boss  was 
visible  among  the  shore-boulders  some  fifteen  yards  away.  The 
rock  occurs  in  the  banded  gneiss,  the  layers  of  which  it  somewhat 
distorts,  so  it  is  clearly  intrusive ;  but  it  does  not,  as  is  usual  with 
the  ordinary  greenstone  dykes,  run  up  the  cliff.  The  eye  is  attracted 
to  it  by  a  rather  unusually  rounded  outline,  like  a  seal's  back,  and 
by  a  peculiar  aspect,  the  dull  greenish-grey  rock  being  mottled  with 
light-coloured  blur-like  spots.^  The  rock,  as  in  the  boulder,  though 
soft  is  not  easily  broken,  as  it  is  tough,  and  <  pounds '  under  the 
hammer.  A  freshly  fractured  surface  p];esents  some  slight  varietal 
differences  from  the  rock  of  the  boulder.  The  groundmass  of  the 
latter  is  rather  more  like  that  of  an  ordinary  dark  serpentine.  This 
is  rather  paler,  more  fibrous  in  aspect,  and  speckled  with  small 
glittering  crystals,  but  is  less  distinctly  porphyritic.  There  are  some 
corresponding  microscopic  differences.  In  the  boulder,  a  considerable 
amount  of  olivine  still  remains  unchanged,  but  this  is  not  so  in  the 
specimen  from  the  rock  in  situ.  That  mineral  is  replaced  by  a 
number  of  secondary  products,  minute  serpentinous  minerals  of  more 
than  one  kind.  There  are  also  numerous  brown,  subtranslucent 
grains,  of  earthy  aspect ;  these  probably  are  an  impure  chalybite, 
and  replace  the  magnetite  which  in  the  other  rock  is  abundantly 
associated  with  the  partially  serpentinized  olivine.  The  lock  in  situ 
contains  also  a  larger  quantity  of  hornblende ;  this  mineral  varies 
from  a  rather  light  green,  fairly  dichroic  hornblende  (occurring  in 
crystals  with  ragged  outlines,  but  showing  distinct  and  very  charac- 
teristic cleavages)  to  a  fibrous  colourless  actinolite.  On  the  other 
hand  there  is  less  of  the  micaceous  constituent.  This  rock,  in  short, 
is  much  more  difficult  to  describe  since  (to  use  a  homely  term)  "  it  is 

*  T.  &.  Bonney,  '  On  the  occurrence  of  a  variety  of  Picrite  (Scyelite)  in  Sark,' 
Geol.  Mag.  for  1889,  p.  109. 

*  This  especially  attracted  my  eye  to  the  boulder  in  Port  du  Moulin. — T.G  IB. 
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in  such  a  mess."  Alteration  of  the  original  constituents  has  been 
carried  much  further  than  in  the  boulder,  but  there  is  no  reason  to 
doubt  their  general  identity,  for  it  is  well  known  that  these  very 
basic  rocks  sometimes  vary  consideiably  in  different  parts  of  the 
same  mass. 

We  also  found,  on  the  shore  at  Port  k  la  Jument,  one  or  two 
large  boulders  which  correspond  more  closely  with  the  rock  of  the 
intrusive  mass,^  though  they  are  more  distinctly  porphjTitic,  large 
patches  of  rather  silvery  pale  hornblende  occurring  like  the  well- 
known  schiller-spar  from  Baste. 

As  the  outcrop  which  we  found  is  so  limited  in  extent,  and  as 
Port  du  Moulin  is  bounded  by  projecting  crags  or  skerries,  we 
suspect  that  there  must  be  other  outcrops  of  this  picrite  below 
low-water  mark.* 

Mr.  Hill  mentioned  the  occurrence  of  a  d3'ke  of  kersantite  at 
Port  du  Moulin,  with  traces  of  another.  We  can  now  increase  the 
number  of  mica-traps  by  four.  One  forms  a  small  dyke  in  the 
cliffs  on  the  W.  side  of  the  Coupee.  Another  occurs  in  Saignie 
Bay,  running  up  the  cliff  just  north  of  the  narrow  track 
leading  down  to  the  shore,  on  which  it  also  crops  out.  It  is  about 
four  feet  wide,  and,  where  best  preserved,  is  a  very  fine-grained 
dark  rock,  weathering  brown,  at  first  sight  not  unlike  a  basalt^ 
but  with  a  slightly  rougher  and  more  glittering  surface,  owing  to 
the  presence  of  many  minute  scales  of  mica. 

A  third  instance  is  a  dyke  between  the  two  northern  entrances  of 
the  Gouliot  caves.  In  the  clifis  it  appears  to  be  only  about  half  a 
yard  thick,  but  it  seems  to  broaden  out  on  the  rocky  shore,  and 
may  perhaps  attain  to  six  feet.  It  is  a  very  characteristic,  dark- 
grey,  slightly  speckled  mica-trap,  and  the  mica  crystals  are  more 
conspicuous  than  in  the  last  rock. 

A  more  curious  variety  occurs  by  the  side  of  the  beach  in  the 
inmost  recess  of  Havre  Gosselin.  Here  a  rather  foliated  dioritic 
rock,  mottled  red  and  green,  is  intrusive  in  the  usual  hornblende- 
schist,  which  is  rather  gneissoid  in  character.  The  former  is  cut 
by  a  dyke  of  compact  greenstone,  and  the  two  are  severed  by  a 

^  There  is  a  very  strong  macroscopic  resemblance,  but  in  the  slice  examined 
from  the  Port  k  la  Jument  specimen  there  is  no  proof  that  (divine  has  fornned 
one  of  the  constituents ;  hornblende,  as  abore  descnbed,  occurring  in  a  sort  of 
paste  of  minutely  crystallized  secondary  products.  The  brown  grains  do  not 
occur  here. 

^  In  the  description  published  in  the  '  Geological  Magazine  *  it  is  suggested 
that  the  rock  might  come  from  '  the  impoi*tant  vein  of  serpentine  and  steatite, 
with  asbestos  and  talc/  which,  according  to  Prof.  Ansted,  *  has  been  traced 
crossing  the  central  part  of  Sark  near  Port  du  Moulin.'  From  the  above 
description  it  will  be  obvious  that  this  rock  cannot  be  the  one  mentioned  by 
Prof.  Ansted,  and  we  are  unable  to  make  out  to  what  rock  he  is  referring. 
Probably  the  authority^  for  his  statement  is  a  passage  in  MaccuUoch's  paper 
on  the  Channel  Islands  ^Trans.  Geol.  8oc.  vol.  i.  (1811)  p.  Id).  The  worda  of 
the  latter  observer  seem  to  imply  that  the  dyke  occurs  in  Port  du  Moulin.  We 
think  no  such  dyke  can  now  be  seen,  and  as  his  visit  was  a  hurried  one  we 
should  suppose  some  accidental  error,  if  he  did  not  speak  of  a  lapis  oUarU 
being  obtained  above  the  cliffs  and  used  by  'the  inhabitants.  It  is  possible 
that  some  old  excavations  in  the  woods  or  fields  may  have  escaped  our  nutioo. 
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second  dyke  of  mioa-trap,  half  a  yard  or  bo  thiok.  The  last  has  a 
rather  rough  fracture;  the  surface  glitters  with  small  scales  of 
mica  and  shows  in  parts  a  curious  colour-mottling,  which,  is  caused 
by  spots  of  a  purplish  brown  tint,  with  rounded  outlines  more  or  less 
connected,  like  sections  of  small  reniform  concretions,  the  interyals 
between  them  being  occupied  by  a  dark  greenish  material.  As 
the  rock  weathers,  the  contrast  in  colour  becomes  a  little  more 
marked,  and  ultimately  the  aggregated  spots  weather  out  like  a 
roughly  pisolitic  rock;  the  diameter  of  the  more  globular  being 
about  a  quarter  of  an  inch.  Here  and  there,  however,  the  struc- 
ture passes  into  a  more  streaky  one. 

In  these  mica-traps  ^  the  usual  brown  mica  is  plentiful,  with  the 
crystalline  outlines  commonly  well  defined.  Another  mineral  also 
occurs  with  a  porphyritic  habit,  the  lai^est  and  best-defined  forms 
being  in  the  Havre  Gosselin  rock.  The  sections  indicate  that  this 
mineral  has  belonged  to  the  monoclinic  or  orthorhombic  system, 
more  probably  the  former.  They  are  defined  by  a  dark  Hue,  and 
occupied  by  a  more  or  less  granular  aggregate  of  secondary 
minerals.  Among  these  is  a  carbonate — oalcite,  or  probably  a 
mineral  intermediate  between  this  and  normal  dolomite,  besides 
Variable  amounts  of  viridite,  chlorite,  opacite,  and  a  dear  granular 
mineral,  with  rather  low  polarization-tints,  not  unlike  some  forms  of 
chalcedony,  though  possibly  one  of  the  zeolitic  group ;  but  in  some 
there  is  little  besides  the  first  named.  An  altered  mineral  of  this  habit 
is  rather  common  in  mica- traps  ;  probably  it  has  been  one  of  the 
pyroxene  group.^  In  the  kersantite  of  Port  du  Moulin  there  is 
a  fair  amount  of  a  colourless  augite  (generally  in  very  bad  pre- 
servation), with  some  larger  irregular-shaped  grains  of  a  mineral 
now  consisting  of  an  a^regate  of  fibres  giving  bright  tints  with 
crossed  nicols,  but  suggestive  of  the  former  presence  of  a  rhombic 
pyroxene.  Grains  of  iron  oxide  are  i)resent  in  all,  and  apatite 
certainly  in  the  first  and  second.     Lath-like  crystals  of  a  felspathic 

^  The  Coup^  dyke  is  very  much  decomposed.  We  have  examined  a  specimen 
from  a  boulder,  which  was  in  a  rather  better  condition,  but  as  even  this  is  by 
no  means  well  preserved  a  minute  description  is  needless.  There  are  the 
usual  flakes,  more  or  less  regular  in  form,  of  brown  mica  with  numerous  gran- 
ules, generally  in  irregular  clots,  of  iron  oxide,  in  great  part  limonite.  The 
supposed  pyroxenic  constituent,  mentioned  in  the  other  cases,  is  wanting,  unless 
it  be  represented  by  one  or  two  irreguUr  spots  occupied  by  agg^regates  of 
serpentinoufl  aspect  The  present  appearance  of  the  rock  suggests  that  it  had 
formerly  a  glassy  base  crowded  with  tiny  microUths  of  plagiookse.  The  latter 
can  still  be  traced  with  more  or  less  distinctness  in  the  granulated  brown 
matrix.  The  most  remarkable  feature  in  the  slide  is  a  ratlier  oblong,  somewhat 
rounded  spot,  about  W  by  '45",  with  fairly  definite  boundaries,  which  is  con- 
spicuous from  its  paler  colour  and  the  presence  of  three  larger  dots  of  iron 
oxide.  This  is  occupied  by  a  matrix  like  the  rest,  in  which,  however,  the  felspar 
mieroliths  are  rather  more  distinct,  and  occasionally  show  a  tendency  to  a 
tufted  grouping ;  there  are  fewer  mica  flakes  and  larger  clots  of  iron  oxide, 
though  of  the  latter  there  are  more  disseminated  granules.  Probably  it  is  an 
included  lump  of  a  slightly  less  basic  variety  of  the  rock. 

^  Bonney  and  Houghton,  'Mica-traps  from  Kendal,  etc..'  Quart.  Journ. 
G^l.  Soc.  vol.  rrxv.  (1879)  p.  167.  The  mineral  figured  by  Fouqu6  and  L^vy 
('  Mineral.  Microgr.'  pi.  xxvii.)  and  referred  to  bastite,  presents  some  resem- 
blance to  the  above-named. 
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mineral  can  be  recognized  in  the  Saignie  Bay  rock,  but  the 
alteration  of  the  rest  of  the  matiix  makes  it  difficult  to  say  whether 
there  was  also  a  glassy  base,  or  whether  the  whole  was  rather 
minutely  crystalline.    Probably  it  belonged  to  the  kersantite  division. 

So  far  as  can  be  ascertained,  the  matrix  of  the  Gouliot  caves 
dyke,  if  not  minutely  holocrystalline,  has  been  crowded  with  lath- 
like crystallites  of  felspar,  exhibiting  sometimes  a  slightly  tufted 
arrangement,  so  that  this  also  is  a  member  of  the  same  group.  In 
both  these  rather  larger  crystals  of  felspar  have  probably  been  fairly 
common,  but  they  are  now  too  decomposed  to  admit  of  more  than 
conjectural  recognition. 

The  Havre  Gosselin  rock  contains  the  largest  and  best-defined 
representatives  of  the  supposed  pyroxenic  constituent,  and  appeeirs, 
when  viewed  by  ordinary  light,  to  have  a  glassy  base,  the  pisolitic 
structure  being  indicated  by  rather  irregular-shaped  patches  of  clear 
brown  glass,  separated  by  similar  material  of  a  sap-green  colour. 
Neither  exhibits  a  trace  of  radial  structure.  The  former,  generally 
at  the  edge,  sometimes  here  and  there  within,  becomes  slightly 
granular  in  structure,  as  if  the  colouring  matter  had  begun  to 
aggregate,  thus  clearing  the  glass ;  the  green  part  is  more  ani- 
form.  In  both  are  trichites  and  granules  of  opacite,  with  rather 
numerous  thin  belonites.  Felspar  microliths  appear  rare,  but  in 
one  of  the  streaky  portions  mentioned  above,  in  which  also  the 
colouring  matter  has  begun  to  separate  out,  they  are  fairly  common 
though  very  minute.  At  the  same  time,  when  the  crossed  nicola 
are  Used,  indications  of  an  extremely  minute  devitrification  are 
perceptible,  at  any  rate  in  all  the  brown  parts  of  the  slide ;  still, 
that  it  has  been  once  a  glass  seems  indubitable.  A  porphyritio 
structure  is  visible  to  the  eye  in  a  specimen  collected  by  Mr.  Hill 
from  another  part  of  this  dyke,  small  white  crystals  about  one- 
tenth  of  an  inch  long  being  scattered  about.  But  the  microscope 
shows  them  to  be  rather  larger  examples  of  the  supposed  pyroxenio 
constituent.  In  this  specimen  the  base  (which  in  part  is  still  a 
true  glass)  is  nearly  all  brown  in  colour,  being  rarely  green  and 
giving  a  very  faint  indication  of  the  globular  structure  in  only  one 
comer  of  the  slide.  Probably  this  rock  belongs  to  the  same  general 
group  as  the  others.^ 

The  last  described  dyke,  by  its  mode  of  occurrence,  indicates 
that  in  all  probability  these  mica-traps  are  later  in  date  than  any 
other  igneous  rock  in  the  island.  In  Britanny  and  in  Cornwall 
and  Devon,  the  mica-traps  are  found  cutting  rocks  as  late  as  Car- 
boniferous, but  are  probably  pre-Mesozoic  in  age.  The  mica-traps 
of  the  Channel  Islands  most  likely  belong  to  one  and  the  same 
series  of  disturbances  as  these.'^  The  more  the  geology  of  the 
region  is  studied,  the  more  close  appears  to  be  the  connexion  of 
those  two  districts  with  that  group  of  islands. 

^  Tbe  group  of  the  mica-trapB  in  the  matter  of  nomenclature  seems  to 
suffer  from  excess  here  and  defect  there,  not  much  less  than  when  Prof.  Bonnej 
wrote  in  1879. 

*  Generally  they  cut  crystalline  rocks,  but  one  in  Aldemey  is  intrusive  in 
^i8  feldspathique  (Hill,  Quart.  Jouni.  Geol.  Soc.  vol.  xU.  (1889)  p.  384). 
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Note  by  Prof.  T.  G.  Bonitey. 

In  papers  published  previous  to  1890  ^  I  have  supposed  banded 
gneisses  and  schists — rocks  in  which  a  *•  stratification-foliation,'  as  I 
termed  it,  exists — to  have  originated,  as  a  rule,  from  detrital 
deposits.  Misunderstanding  may  be  prevented  by  indicating  in 
general  terms  to  which  of  these  rocks  I  now  cc»nceive  this  hypo- 
thesis of  crystallization  from  a  molten  condition,  but  under  excep- 
tional circumstances  (of  which  the  intrusion  of  one  rock  into 
another,  so  as  to  render  it  plastic,  may  or  may  not  be  one),  can 
be  applied  in  order  to  explain  their  dififerences  from  normal  igneous 
rocks. 

They  are : — ^The  ordinary  banded  'Laurentian'  gneisses  of  Canada 
and  of  Greenland  (so  far  as  I  have  seen  them) ;  similar  gneisses  in 
Norway,  in  certain  parts  of  the  Alps,  and  in  the  Scotch  Highlands, 
especially  the  North-western  district;  the  Granulitic  Group  at 
the  Lizard,  and  a  portion,  at  any  rate,  of  the  Hornblendic  Group;  * 
perhaps  also  a  few  rocks  in  Wdes ;  in  short,  those  holocrystalline 
rocks,  fairly  coarse,  in  the  description  of  which  I  havo  laid  stress 
upon  their  banded  structure  and  the  peculiar  forms  of  their  mineral 
constituents. 

But  I  still  maintain  that  sundry  other  gneisses  and  certain  schists 
(among  them  often  chloritic  and  actio  oli tic)  are  due  to  the  crushing 
of  ordinary  igneous  rocks — granites,  dolerites,  &c.  Representatives 
of  this  group  occur,  as  I  have  described,  ia  America,  Norway,  the 
Alps,  Scotland,  the  Malvern  Hills,  and  locally  in  other  parts  of 
England,  in  Wales,  Britanny,  Normandy,  and  Guernsey.  In  a  word, 
whenever  I.  havo  already  admitted  pressure  to  be  the  dominant 
agent  in  producing  '  schistosity  '  in  a  rock,  I  have  no  thing  to  alter. 

Also,  I  still  maintain  that  certain  schists  are  metamorphosed 
sediments — e.  g.  the  calc-schists  which  graduate  into  marbles,  most 
quartz-schists,  and  mica-schists,  with  their  varieties,  some  chloritic 
schists,  and  the  like.  Examples  of  these  occur  in  South  Devon 
(Start  district),  Scotland  (chiefly,  so  far  as  I  know,  in  the  Central 
Highlands,  but  with  these  I  am  less  familiar),  in  Anglesey,  in 
Norway  (if  I  can  trust  my  memory),  and  abundantly  in  many 
districts  of  the  Alps — the  group,  in  short,  which  I  have  designated 
the  Upper  Schists  in  my  notices  of  that  chain.'  Some  gneisses 
ultimately  may  be  proved  to  have  been  originally  sediments,  but 
the  number  of  these  is  certainly  much  less  than  I  formerly  sup- 
posed it  to  be,  and  in  the  present  state  of  my  knowledge  I  think 
it  better  to  leave  the  question  open. 

In  short,  I  think  there  are  at  least  three  modes  in  which  a 

^  The  list  may  be  diminiBhed  by  referring  for  papers  of  earlier  date  to  my 
Presidential  address  to  this  Society  for  the  year  18o5 ;  since  then,  to  toI.  xliii. 
(1887)  p.  301  (Britanny),  toI.  xIt.  (1889)  p.  67  (Alps),  toLxIti.  (1890)  p.  187 
(Alps) ;  also  lecture  to  British  Association  at  Bath  ('  Nature,'  vol.  xxxix.  p.  89). 

'  After  what  I  saw  in  Sark,  I  think  it  possible  that  the  difficulties  which 
prevented  me  in  1890  from  adopting  the  hypothesis  of  fluxion  might  dis- 
appear if  I  could  again  examine  these  hornblende-schists. 

*  Quart.  Joum.  QeoL  Soc.  vol.  xlv.  (1889)  pp.  96,  98. 
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'crystalline  schist' may  be  produced,  and  feel  some  confidence  tliat 
by  patient  working  we  shall  be  able,  as  a  rule,  to  distinguish  the 
one  from  the  other ;  ^  though  often  we  may  not  be  able  to  say 
more  than  that  pressure  has  been  the  last  agent  of  alteration,  and 
has  obliterated  any  earlier  record.  Very  probably  also  important 
changes^  may  be  produced,  as  an  indirect  rather  than  a  direct 
result  of  pressure  (that  is,  by  modification  without  crushing), 
through  the  recrystallization  of  the  mineral  constituents  of  a  rock. 
But,  with  my  present  knowledge,  I  incline  to  consider  this  a  sub- 
ordinate cause  of  change. 

Discussion. 

Major-General  McMahon  congratulated  the  Authors  on  the  result 
of  their  examination  of  the  Sark  rocks.  It  was  gratif^dng  to  find 
that  their  work  at  Sark  confirmed  the  results  arrived  at  by  them 
and  himself  at  the  Lizard.  With  reference  to  a  fact  stated  by 
the  Authors  regarding  the  genesis  of  biotite  in  some  of  the  Sark 
rocks,  he  might  mention  that  he  had  observed  several  instances  in 
the  Himalayas  where  the  contact-action  of  granite  had  converted 
diorite  into  a  mica-trap  in  which  biotite  was  very  abundant. 

Prof.  JuDD  congratulated  the  Society  on  the  new  light  thrown  on 
the  geology  of  the  Channel  Islands  by  the  researches  of  the 
Authors. 

Mr.  HiJDLESTON,  after  referring  to  the  excellent  work  of  Mr.  Hill 
on  the  Channel  Islands,  said  it  was  evident  that  his  former  paper 
on  Sark  left  some  open  questions  which  seemed  to  invite  further 
investigation.  The  origin  of  the  hornblende-schists  both  there  and 
at  the  Lizard  had  long  excited  attention,  and  good  petrologists  had 
held  that  they  might  have  been  basic  tuffs.  At  Sark  they  were  not 
associated  with  serpentines,  &c.,  to  any  extent.  The  application  of  the 
new  philosophy  seemed  to  point  to  alterations  in  a  plutonic  complex, 
and  the  suggestion  that  the  lowest  in  the  series  might  not  be  the 
oldest  in  date  gave  rise  to  speculations  of  much  interest.  Unless  it 
could  be  shown  from  their  geognostic  relations  on  the  mainland  that 
these  rocks  were  of  Archaean  age,  their  petrology  alone  could  scarcely 
be  held  to  prove  it. 

Mr.  Barbow  drew  attention  to  the  strong  resemblance  of  the 

^  I  have  not  referred  to  *  contact-metamorphism '  because  the  effects  pro- 
duced by  it  ou  sedimentary  deposits  can  be  readily  dbtinguished,  as  a  rule. 
For  instance,  a '  mica-schist'  from  Skiddaw,  Britanny,  Normandy,  &c.,  produced 
by  a  large  mnss  of  m,nite,  differs  much  from  such  a  mica-schist  as  we  find  in 
the  *  Upper  Group  in  the  Alps.  So  far  as  I  have  been  able  to  judge,  no  veiy 
important  changes  are  produced  by  the  intrusion  of  molten  masses  into  rocks 
already  crystalline,  probably  because  their  constituents  are  already  in  a  stable 
condition. 

^  I  refer  to  such  changes  as  the  replacement  of  labradorite  by  scapolite,  to 
which  Prof.  Judd  has  called  attention  in  a  suggestive  paper  (Min.  Mag.  vol.  viii. 
(1889)  p.  186),  certain  cases  of  the  formation  of  uralite,  &c.,  but  not  to  the 
ordinary  processes  of  decay,  hydration,  and  even  renovation.  Heat,  pressure, 
and  water  are  the  chief  agencies  of  metamorphism,  and  we  must  be  content 
at  first  if  we  can  distinguish  and  cla£sifv  the  more  striking  and  common 
phenomena  which  have  b^n  produced  by  them. 
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specimens  exhibited  to  the  '  Eastern  Gneisses '  of  the  Highlands. 
One  in  particular — the  rock  locally  known  as  '  longrain ' — closely 
resembled  a  homblendic  gneiss  that  he  had  recently  mapped  in 
Forfarshire.  The  characteristic  appearance  of  this  type  of  gneiss  is 
dae  to  the  presence  of  large  numbers  of  hornblende  crystels  with 
conspicuous  development  of  the  pinacoid  faces ;  it  thus  differed 
fundamentally  from  a  hornblende-schist,  in  which  such  faces  were 
almost  totaUy  absent.  Tracing  the  outcrop  of  this  rock,  he  found  it 
passed  gradually  into  a  normal  hornblende-schist,  and  that  its 
gneissose  aspect  was  due  to  thermometamorphism — this  phase  only 
existing  when  the  basic  rock  was  either  penetrated  by  or  in  close 
proximity  to  the  more  recent  and  more  acid  gneisses.  The  change 
from  schist  to  gneiss  was  essentially  an  aggregation  of  the  con- 
stituents of  the  finer-grained  mass.  The  needles  of  actinolite  in  the 
schist  are  aggregated  to  more  or  less  definite  crystals  of  hornblende, 
with  marked  pinacoid  faces,  in  the  gneiss.  The  tiny  felspar  grains 
gradually  coalesce  and  form  well-striated  plagioclase,  the  species  of 
which  can  be  easily  determined.  The  sphenes  tell  the  same  tale. 
The  quartz  is  especially  important,  because  there  is  usually  a  fair 
amount  of  it  in  this  type  of  hornblende-gneiss,  and  it  ia  obviously 
of  the  same  age  as  the  general  structure  of  the  rock.  If  the  Authors 
claimed  that  a  similar  structure  might  be  produced  during  consoli- 
dation, geologists  were  fairly  entitled  to  ask  for  instances,  from 
onmetamorphosed  areas,  in  which  rocks,  as  basic  as  these  gneisses, 
contained  free  quartz  as  an  essential  constituent. 

The  Bev.  EnwiEr  Hill  mentioned,  in  reply  to  Mr.  Hudleston,  that 
an  overlying  pre-Cambrian  granite  indicated  the  great  age  of  the 
hombleude-rocks.  The  beautiful  Guernsey  specimen  which  had 
attracted  the  speakers'  attention  is  called  '  longrain.'  He  acknow- 
ledged a  change  of  opinion  on  8ark.  When  he  formerly  worked 
there  the  existing  hypotheses  for  the  origin  of  such  rocks  were  only 
pressure,  rolling  out,  and  successive  deposition.  The  first  two  were 
clearly  inapplicable,  and  so,  though  seeing  difficulties,  he  had  had  to 
choose  the  third.  General  McMahon's  papers  on  the  Lizard  had 
now  provided  a  fourth,  and  this  on  examination  proved  to  be 
applicable  to  Sark. 

Prof.  Bonnet  thanked  the  speakers  for  the  reception  accorded  to 
the  paper.  He  said  that,  as  the  serpentines  and  gabbros  were 
intrusive  in  the  crystalline  schists  at  the  Lizard,  their  absence  in 
Sark  did  not  count  for  much.  Mr.  Barrow's  remarks  were  of  great 
interest,  but  he  thought  instances  of  contact-alteration  among  crystal- 
line rocks  were  less  frequent  than  the  speaker  supposed,  and  were 
not  generally  applicable  to  the  cases  in  the  paper,  which  hardly  fell 
under  ordinary  contact-phenomena.  He  thought  that  the  criticism 
regarding  free  quartz  was  founded  on  a  slight  miscomprehension  of 
what  had  been  said. 
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12.  On  Pabt  of  the  Pelvis  of  Polacawthus.     By  R.  Ltdeekeb,  !Esq., 
B.A.,  F.G.8.     (Read  December  23rd,  1891.) 

Among  the  specimens  lately  acquired  by  the  British  Museam  from 
the  collection  of  the  late  Mr.  Beckles,  of  Hastings,  is  one  to  which 
my  attention  has  been  directed  by  my  Mend  Mr.  A.  Smith  Wood- 
ward. It  bears  the  nnmber  E.  1926  in  the  Museum  Register ;  and, 
like  the  majority  of  Mr.  Beckles's  specimens,  is  evidently  from  the 
Wealden.  Mr.  Charles  Dawson,  who  has  had  so  much  experience 
in  Wealden  fossils,  has  been  good  enough  to  examine  the  specimen, 
and  considers  that  it  is  almost  certainly  from  the  Isle  of  Wight,  and 
not  from  Hastings. 

One  glance  at  the  specimen  is  sufficient  to  show  that  it  is  the 
central  part  of  a  Dinosaurian  ilium,  with  portions  of  the  sacral 
ribs  still  attached  to  its  inner  surface.  It  belongs  to  the  right  side, 
as  proved  by  the  position  of  the  ischial  tuberosity ;  and  while  both 
extremities  of  the  ilium  are  wanting,  the  acetabular  region  is  fairly 
well  preserved.  The  pre-acetabular  portion  of  the  iUum  forms  a 
roof-like  expansion  ;  while  the  post-acetabular  process  is  compressed 
and  comparatively  thin.  The  upper  border  of  the  ilium  is  straight. 
The  broken  portions  of  the  sacral  ribs  (five  in  number)  are  tri- 
angular in  section,  and  have  deep  indentations  between  them ;  so 
that  they  form  buttress-like  structures  of  great  strength.  The 
whole  contour  of  the  ilium  and  sacral  ribs  is  quite  unlike  that 
obtaining  in  Iguanodon  and  its  allies.  It  appears  most  likely  that 
the  pre-acetabular  portion  of  the  ilium  when  entire  was  greatly 
expanded  laterally,  as  is  the  case  in  Stegosaurus, 

The  point  of  especial  interest  connected  with  the  specimen  is, 
however,  the  presence  of  a  large  flat  plate  of  bone,  somewhat  more 
than  I  inch  in  thickness,  resting  on  the  upper  border  of  the  ilium, 
from  which  it  is  separated  by  the  intervention  of  a  thin  layer  of 
matrix.  This  bony  plate  ib  evidently  a  portion  of  a  dermal  armour, 
and  thus  suggests  comparison  of  the  specimen  with  the  dorsal  shield 
of  the  Dinosaur  from  the  Wealden  of  the  Isle  of  Wight  described  by 
Mr.  Hulke  as  Polacanthus  Poxii} 

Such  a  comparison  shows  that  the  present  specimen  undoubtedly 
belonged  to  a  closely  allied,  if  not  specifically  identical  Dinosaur. 
It  is  true,  indeed,  that  in  the  specimen  described  by  Mr.  Hulke  what 
remains  of  the  pelvis  and  sacrum  is  crushed  almost  flat  on  to  the 
under  surface  of  the  dorsal  shield.  Still,  however,  there  is  sufficient 
preserved  in  the  former  to  show  that  the  ilium  and  sacral  ribs  are 
of  the  same  type  as  in  the  specimen  under  consideration ;  the  tri- 
angular cross-section  of  the  sacral  ribs  being  especially  noticed  in 
Mr.  Hulke's  description  of  his  specimen.  Moreover,  when  compared 
with  the  pelvis  and  sacrum  of  the  much  larger  Kimeridgian  Dino- 
saur described  by  Sir  R.  Owen  as  Omosaurusj  which  belongs  to  the 
same  group  as  Polacanthus^  the  present  specimen  again  presents  a 

*  Phil.  Trans,  for  1887  (b),  p.  169,  pi.  viii.  [The  name  PoUxcanthua  (Hulke, 
1881,  ex  Owen),  as  has  been  pointed  out  to  me,  is  preoccupied  by  Polt/acatUhttSf 
Kuhl,  1831,  and  ought,  therefore,  to  be  changed.— Feb.  1892.] 
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POLACANTHUS,    sp. 


Fig.  1. 


Tig.  2. 


Explanation  op  Fiourbs. 

Outer  (fig.  1)  and  inner  (fig.  2)  ^iews  of  the  imperfect  right  iliam  and  sacral 
ribe,  with  part  of  the  dermal  armour,  i  natural  size,  a  =  dermal  shield ; 
b  =  tuberosity  for  ischium. 
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dose  general  resemblance,  especially  as  regards  the  form  of  the 
sacral  ribs,  and  the  deep  pits  by  which  they  are  separated  from  one 
another;  these  pits  being  apparently  roofed  over  by  an  inward 
extension  of  the  upper  part  of  the  ilium.  The  same  features  are 
noticeable  in  the  apparently  generically  identical  American  Dinosaur 
of  which  the  pelvis  and  sacrum  are  figured  by  Prof.  Marsh  as 
Stegosaurus, 

The  chief  characteristics  of  the  specimen  under  consideration  are 
shown  in  the  accompanying  figures. 

As  the  result,  then,  of  my  study  of  this  specimen,  it  appears  that 
it  indicates  a  Dinosaur  which  may  be  referred  to  Polacanthus ;  and 
the  question  then  arises  whether  or  no  it  is  specifically  identical 
with  the  typical  P.  Foxii, 

Now,  so  far  as  the  crushed  condition  of  the  pelvis  and  sacrum  of 
the  latter  admits  of  forming  a  definite  opinion,  the  corresponding 
portions  of  the  present  specimen  appear  at  first  sight  to  be  of  a 
decidedly  more  massive  type.  It  is  quite  possible,  however,  that  the 
cmfihing  and  maceration  which  these  bones  have  evidently  undergone 
in  Mr.  Hulke's  specimen  may  have  somewhat  exaggerated  these 
apparent  points  of  difference,  and  that  the  two  ilia  are  not  very 
different. 

A  more  important  point  of  distinction  remains  to  be  noticed.  As 
is  beautifully  shown  in  Mr.  Hulke's  plate,  the  upper  surface  of  the 
dorsal  shield  of  P.  Foxii  carries  a  number  of  bosses  for  the  articula- 
tion of  the  large  spines  found  in  association  with  the  figured 
specimen.  In  Mr.  Beckles's  specimen,  on  the  contrary,  the 
corresponding  surface  of  the  dermal  armour  is  perfectly  fiat,  without 
the  faint-est  trace  of  such  bosses.  It  might  be  urged  that  the 
absence  of  these  bosses  is  due  to  the  efiects  of  rolling  on  the  shore  ; 
hut  the  other  parts  of  the  specimen  do  not  show  signs  of  excessive 
Tolling,  and  it  would  surely  require  a  great  deal  of  such  action  to 
remove  all  traces  of  these  bosses  if  they  ever  existed. 

It  appears,  however,  impossible  to  be  absolutely  certain  in  regard 
to  this  point ;  but  if  subsequent  ^  finds '  should  prove  that  in  this 
Dinosaur  the  dermal  armour  was  smooth,  I  would  suggest  that  the 
species  might  be  appropriately  named  after  its  discoverer,  Mr. 
Beckles. 

It  is  unfortunate  that  both  extremities  of  the  ilium  of  this 
spedmen  are  broken  away,  so  that  we  cannot  determine  the  relative 
lengths  of  its  pre-  and  post^acetabular  processes ;  but  in  spite  of  this 
deficiency  the  specimen  itself  is  of  importance,  as  showing  more 
clearly  than  hitherto  the  close  affinity  existing  between  Polaeanihus 
and  tiie  larger  Dinosaurs  described  as  Omosaurus  and  Stegoaaurus} 
The  remarkable  character  of  the  dermal  armour  of  the  latter,  as 
lately  restored  by  Prof.  Marsh,  amply  serves,  however,  to  establish 
its  generic  distinctness  from  Polacanihus. 

^  [Since  this  paper  was  sent  in  to  the  Society  Prof.  Seeley  {mtpra,  pp.  81-85) 
baa  more  fuUy  described  the  ilium  of  Polacanthus,  and  indicated  the  relation- 
ship of  the  genus  to  Stegosaurus  and  the  so-called  Omosaurus,  I  doubt,  how- 
eTer,  whether  he  has  allowed  sufficiently  for  the  effect  of  crushing.  He  considers 
the  present  specimen  (sttpra,  p.  84)  as  generically  distinct  from  P.  Foxii, — Feb. 
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13.  On  a  NEW  form  of  Agelacrinites  (Lepidodiscus  Milleki, 
n.  tp.)from  the  Loweb  Carboniferous  Limestone  of  Cumber- 
land. By  G.  Sharman,  Esq.,  and  E.  T.  Newton,  Esq.,  F.G.S. 
(Read  January  6th,  1892.) 

[Ck>mmunicated  by  permission  of  the  Bireotor-G^eral  of  the 
Geological  Survey.] 

[Plate  XL] 

During  the  Geological  Survey  of  parts  of  Cumberland  and  North- 
umberland (Sheet  106,  N.W.)  by  Mr.  Hugh  Miller,  a  large  series 
of  fossils  was  obtained  by  the  Survey  collector,  Mr.  J.  Rhodes,  from 
the  Lower  Carboniferous  rocks ;  and  among  them  are  two  referable 
to  that  rare  and  interesting  group  of  Echinoderms,  the  Agelacrini- 
tidse.  The  only  representatives  of  this  group  hitherto  recorded 
from  British  deposits  are  Agelacrinites  Buchianu^  from  the  fials 
Beds,  described  by  Eorbes,'  and  Lepidodiscus  Lebouri^  from  the 
Carboniferous  Limestone,  described  by  Mr.  Percy  Sladen  f  our 
specimens  are  evidently  closely  related  to  the  latter  species.  It  is 
very  desirable  that  some  account  of  such  rare  fossils  should  be  placed 
on  record,  more  especially  as  we  believe  them  to  represent  a  new 
species. 

Both  the  specimens  are  attached  to  valves  of  Myalina,  and  both 
are  from  the  River  Irthing ;  but  one  is  from  near  Lamport,  on  the 
Northumberland  side  of  the  river,  and  the  other  from  near  Water- 
head,  on  the  Cumberland  side.  The  example  from  Lamport  is  too 
imperfect  for  description,  but  that  from  Waterhead  is  in  a  very 
perfect  state  of  preservation,  and  is  alone  alluded  to  in  the  following 
remarks.  The  test  is  extremely  flat,  and  forms  an  almost  circular 
disc  about  -f^  inch  (1  centim.)  in  diameter.  There  is  a  distinct 
marginal  zone,  the  width  of  which  is  about  one  fifth  of  the  diameter 
of  the  entire  test.  Five  rays  or  arms  radiate  firom  near  the  centre, 
curving  outwards  towards  &e  circumference ;  but  they  end  at  the 
inner  edge  of  the  marginal  zone,  and  do  not  extend  along  this 
margin  for  any  appreciable  distance.  The  curve  of  one  arm  is 
reversed,  so  that  the  two  which  surround  the  pyramid  are  turned 
towards  each  other,  and  the  interradial  space  thus  enclosed  is  some- 
what larger  than  any  of  the  others.  The  arrangement  of  the 
median  arm-ossicles  is  not  very  distinct ;  but  for  the  most  part  they 
appear  to  be  wedge-shaped,  and  though  interlocking  do  not  reach 
quite  across  the  arini,  though  it  is  possible  that  some  may  do  so. 

The  pyramid  is  well  shown  ;  it  is  placed  in  the  middle  of  its 
interradial  space,  and  apparently  possesses  9  or  10  triangular 
plates. 

The  scale-like  plates,  with  which  the  surface  of  the  test  is 
covered,  are  imbricated,  and  ornamented  with  microscopic  granules. 

*  Mem.  Geol.  Surv.  vol.  ii.  (IftiS)  part  ii.  p.  521. 

*  Quart  Joum.  Geol.  Soc.  vol.  xxxt.  (1879)  p.  744. 
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^%k  ^^^^  ®^S®  ^^  ^^®  ^^^  ^^  plates  are  small,  dosely  set,  and 
^^^^V  fi^od  •  passing  inwards  they  increase  in  size,  the  lai^est 
^  Refining  the  inner  edge  of  the  outer  zone ;  while  thosQ  of  the 


% 


iial  spaces  are  of  medium  size,  and  are  pressed  upwards 
>  the  arms,  so  that  their  edges  form  margins  to  each  of  the 
I  doubtless  due  to  post-mortem  pressure.     The  imbrication  of 
tile  plates  is  from  without  inwards,  the  inner  margins  of  the  plates 
being  free. 

The  nearest  allies  of  this  fossil  are  doubtless  Lepidodigcus  Lebauri, 
Sladen,'  L.  cindnnatiensig,  Kom.,^  and  L,  squamosiis,  Meek  & 
Worthen,^  but  as  detailed  coniparisons  of  these  and  other  species, 
as  weU  as  fall  references,  are  giren  by  Hr.  Sladen, ,  our  present 
purpose  will  be  best  served  by  merely  giving  the  chief  characters 
of  oar  specimen,  and  of  the  three  nearly-related  forms,  as  follows : — 

'Lepidodiscus  sqttamosua, 

1.  Arms  5,  long,  extending  along  margin. 

2.  Arm-plates  in  double  rows. 

3.  Pyramid  at  one  side  of  interradial  space. 

4.  No  outer  border  seen. 

5.  Diameter  1*70  inch. 

Lepidodiscus  cincinnatiensis. 

1.  Anns  5,  long,  extending  along  margin. 

2.  Arm-plates  in  double  rows. 

3.  Pyramid  near  outer  edge,  touching  end  of  arm. 
.  4.  Outer  border  indistinct  and  narrow. 

0.  Diameter  0-77  inch. 

Lepidodiscus  Lebouri, 

1.  Arms  6  [?  abnormal],  long,  extending  along  margin. 

2.  Arm-plates  in  single  rows. 

^*  Pyramid  at  one  side  of  interradial  space. 

^  An  outer  border. 

5.  Diameter,  when  perfect,  somewhat  over  1  inch, 

Lepidodiscus,  n.  sp. 

^«  Arms  5,  short,  not  extending  along  margin. 
%  Ann- plates,  in  part  at  least,  in  double  rows. 
a   pyramid  in  middle  of  interradial  space. 
J  A  broad  distinct  outer  border. 
5',  Diameter  0*40  inch  (1  centimetre). 

^  comparison  of  the  above  characters  shows  that  our  new  speci- 
men differs  from  all  the  others  in  having  short  arms,  and  the  pyramid 
in  the  middle  of  the  interradial  space,  also  in  its  much  smaller  size. 

It  farther  differs  from  L.  sqwimosus  and  L,  cincinnatiensis  in 

*  Op.  et  loc,  cit, 

^  See  GeoL  Sury.  Ohio,  vol.  i.  part  2,  PaUaont.  p.  55,  pi.  3.  f .  6. 

""  Proo.  Acad.  Nat  Sci.  Philad.  1868,  p.  357. 

Q.J.G.8.  No.  190.  M 
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haying  a  definite,  broad,  outer  border;  and  from  L,  Lebouri  in 
having  only  5  arms,  and  the  arm-plates  in  a  double  row. 

The  specimen  figured  by  Bronn  as  L.  eincmnatisnM  ^  is  mach 
more  like  our  specimen. 

As  it  seems  probable  that  the  sixth  arm  of  X.  Lehauri  »  abnormal, 
it  can  scarcely  bo  taken  aa  a  specific  character ;  but  if  there  weie 
only  five  arms  the  pyramid  might  be  in  the  middle  of  the  interradial 
space,  and  the  species  would  then  di£fer  from  ours  only  in.  its  larger 
size,  longer  arms,  and,  seemingly,  in  a  different  arrangement  of  the 
arm-plates. 

Until  it  can  be  ahown  that  the  differences  above  pointed  oat  ave 
only  such  as  may  .be  due  to  age  or  indiyidual  yariation,  this  new 
British  specimen  must  be  held  to  be  specifically  distinct,  and  we 
propose  to  associate  our  colleague  Mr.  Hugh  Miller  with  the  species 
by  naming  it  Lepidodiscus  Mill^^, 

EXPLANATION  OP  PLATE  H. 
Lepidodiacw  MUUri^  n.  sp.,  from  the  Lower  Carboniferous  Limestone,  near 
Waterhead,  Biver  Irthing,  Cumberland.    Preseryed  in  the  Museum  of 
Practical  Geology. 
Fig.  1.  Test,  natural  size. 

Fig.  2.  Test,  enlarged  8^  diameters.   The  plates  seen  on  each  side  of  the  arms 
in  this  figure  are  too  definitely  marked  off  from  those  of  the  inter- 
radial areas ;  thev  are  without  doubt  the  upturned  edges  of  some  of 
the  interradial  plates. 
Fig.  3.  Portion  of  an  arm,  enlarged,  to  show  plates ;  partly  diagrammatic 
Fig.  4.  Portion  of  outer  band  of  test^  to  show  arrangement  of  platies,  enlai^ed 

28  diameters. 
Fig.  5.  Granular' ornament  of  plates,  enlarged  70  diameters. 

Discussion. 

Mr.  Bather  entreated  the  Authors  not  to  revive  the  obsolete 
termination  ites,  but,  following  Angelin,  Loven,  P.  H.  Carpenter, 
Steinmann,  S.  A.  Miller,  and  all  recent  writers  on  Crinoidea, 
to  write  simply  *  Agelacrinus  '  just  as  they  would  '  CyatJiocrinusJ 
The  rarity  of  British  AgelacrinidsB,  while  enhancing  the  interest  of 
the  paper,  increased  the  difficulty  of  determining  specific  dif- 
ferences. In  the  typ^-specimen  of  L,  Lebouri  the  sixth  arm  was  a 
mere  abnormality ;  the  exact  position  of  the  anus,  especially  in  so 
flexible  a  tegmen,  was  hardly  diagnostic ;  the  plates  bordering  the 
ambulacra  in  L.  Milleri  seemed  homologous  with  the  adambulacrals 
of  L,  Lebouri,  He  was  glad  to  see  that  the  Autiiors  made  Lepido- 
discus  a  subgenus  of  Agelacrinus,  The  slight  curvatiiro  of  the 
arms  in  L.  Milleri  made  it  approacih  ffemicifstis ;  but  it  seemed 
probable,  from  examination  of  Bohemian  and  American  species,  that 
the  varying  curvature  of  the  arms  and  the  imbrication  or  tessel- 
lation of  the  plates  were  not  characters  of  more  than  subgeoAiic 
importance. 

Mr.  £.  T.  Newton,  in  reply,  said  that  he  objected  to  the  principle 
of  altering  names  originally  proposed,  and  made  a  point  of  never 
doing  so  unless  it  was  absolutely  necessary. 

^  *Iietbtta  Geognostiea,'  tab.  if  \' fig.  6. 
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14.  NoBTH  Italian  Bryozoa. — Part  II.  Cyclobtomata.     By  Abthtjb 
Wm.  Watebs,  E8q.,P.L.S.,  P.G.S.    (Read  January  27th,  1892.) 

[Plate  IH.] 

The  Chilostomat'a  from  the  same  localities  were  dealt  with  in 
vol.  xlvii.  (1891)  p.  1  of  this  Journal.  It  is  always  unsatisfactory 
to  describe  Cyclostomata,  as  there  are  so  few  ch^iracters  that  can  be 
employed  in  classification,  nor  are  we  yet  sure  as  to  the  relative 
importance  of  those  used.  The  difficulties  are  much  increased  by 
the  vast  number  of  named  species  based  upon  some  slight  difference 
in  the  mode  of  growth,  and  in  some  cases  the  individual  state  of 
preservation  has  beeo  the  ground  of  a  new  species. 

I  have  before  me  a  list  of  424  names  of  Tertiary  Cyclostomata;^ 
which  no  doubt  could  be  increased  to  nearly  600,  but  we  are 
certainly  within  the  mark  when  we  say  that  of  these  more  than  200 
could  not  be  recognized  again,  while  many  are  known  to  be  only 
Bynon3nns. 

In  the  Tertiaries  Homeray  Idmonea,  Mlisparsa,  and  Eniahjphora 
are  by  no  means  sharply-defined  genera,  and  seem  to  run  into  one 
another. 

The  most  interesting  species  dealt  with  is  a  new  one,  which  I 
have  called  Diastopora  hrendohrms.  It  has  a  tubule  to  most  zocecia, 
bnt  diffeiB  from  the  living  species- Z>.  obdia,  which  also  has  tubules ; 
for  in  the  fossil  they  run  up  more  by  the  side  of  the  zooecium,  whereas 
in  D.  obelia  tboy  are  on  the  front  of  the  zooecium,  about  the  middle. 
The.zo^um  is  usually  erect,  formed  by  very  compressed  braxkches 
with  ^ooeoia  on  both  sides  ;  but  there  are,  besides,  some  incrusting 
specimens  having  similar  small  zooecia  provided  with  tubules.  This 
would  seem  to  show  that  those  who  united  under  Diastqpora  erect 
and  incrusting  forms  were  right.  The  genera  Mesenteripora  and 
BidUutopoi^a  are,  however,  retained  by  some. 

The  ovicell  by  the  side  of  the  zoarium  of  Bonura  serratnis  in  a 
position  new  for  the  Cydostomata. 


^  A  similar  list  of  Tertiary  Chilostomata  oomprises  abont  1400,  and  I  have 
little  doabt  that  I  eoiild  bring  the  liat  up  to  2000.  'The  number  of  names  of 
Cretaeeous  species  must  l^  as  large,  and  the  list  pf  -Palteoxoio  bryoeoa  al^o.y^ry 
considecable ;  from  these  figures  we  may  see,  therefore,  that  there  is  an  Ofer- 
whelmingly  large  field  not  yet  reduced  to  order. 
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LiH  of  Species. 


1.  OrioA  sabttqaftlut  B«tu$    

2.  Diaatopont  tenuis,  R«ua   

8.  — >  aaborbioalaru,  £«ji«ifct  

4.  — >  brendolenais,  sp.  no? 

5.  Idmonea  oonoavs,  JBeuM    

6. retioulato,  Seuu 

7.  Filispana  Tarians,  B*uu   

8. astalis,?Jfaiu»ni 

9.  Entalophora  raripora,  d^Orb,  .. 

10.  ptUohella,  £«u«ff  

U. tenniMima,  BeuMa 

12.  Homera  oonoatenata,  Meuu 

15.  — >  serrata*  J2eiw«  

14. aspemla*  Reu*§   

1ft. frondiottlata,  Lamourmue  .. 

16.  CnMSohornera  arbascnla,  Rgu$» 

17.  Stomatopora  mi^or,  Johtuton   .. 

18.  FaTotttbifrera  flabellata,  d^Orb... 

19.  Defranoea  brendoleniis,  sp.  hot.  ... 
SO.  Lidienopora  hispida,  FUmittjf  ... 

31.  incnutans,  sp.  noT 

32.  Heteropora  subretioolata,  Revu 


1.  Gbisia  svs^qualis  (Eeuss). 

Crisia  suhcBqualis,  Beuss,  Bry.  von  Crosaro,  p.  279,  pi.  xxxiv. 
fig.  8. 

This  species  occurs  from  Brendola,  and  also  probably  another, 
but  it  does  not  seem  possible  to  determine  small  fragments  nor  to 
compare  tbem  with  living  forms.  The  fresh  joint  usually  grows 
out  above  the  third  zocecium. 

2.  DiASTOPOBA  TENUIS  (Beuss). 

Discosparsa  tenuis^  Reuss,  Bry.  von  Crosaro,  p.  280,  pi.  xxxiv. 
figs.  9,  10. 

Diseosparaa  regulains^  Beuss,  op.  cit.  p.  280,  pi.  xxxiv.  ^,  11. 

Lichenopora  tenuis,  Pergens,  Bry.  de  Kolosvdr,  p.  6. 

There  arc  small  zoaria  from  Brendola,  which  are  flat  and  thin, 
with  the  zooecia  more  or  less  distinctly  radial,  very  little  raised,  and 
without  interstitial  pores,  on  which  account  the  species  is  placed 
under  Diastopora,  This,  if  not  identical  with,  is  closely  allied  to 
Defrancia  suhdisciformisy  d'Orb.  in  Beuss,  Mitt.  u.  Ob.  Quader,  pt.  ii. 
p.  132,  pi.  XXV.  fig.  7. 

Loe,  Val di  Lonte {Reuss) ;  Montecchio Maggiore  (P.)  >  Brendola ; 
Male  (W.);  Pap-Patak,  Pap-Falvi-Patak,  Kolos  Monostor  (P.). 

3.  DiASTOPOSA  BT7BOBBICI7LABIS  (Hiucks). 

Diastopora  suhorlncularis,  Hincks  Brit.  Mar.  Poly.  p.  464,  pi.  Ixvi. 
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fig.  11 ;  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xl.  (1884)  p.  689; 
Md.  vol.  3diii.  (1887)  p.  342. 

A  specimen  from  Brendola  has  the  zocecial  tubes  about  the  same 
size  as  the  recent  and  fossil  specimens  already  described,  and  the 
oviceU  is  nearly  equal  in  width  and  length. 

Loe.  Living:  European  Seas.  Fossil:  Crag;  various  localities 
in  Australia  and  New  Zealand. 

4.   DiASTOPOBA.  BBENDOLENSIB,  Sp.  UOV.      (PI.  III.  ^g,  1.) 

Zoaria  very  much  compressed,  with  the  zooecia  in  more  or  less 
regular  rows.  On  many  of  the  zocecia  there  is  a  tubule,  which 
usually  terminates  near  the  zocecial  orifice,  and  runs  parallel  witt 
the  zooBciumy  but  occasionally  it  is  on  the  front  of  the  zooecium 
and  terminates  near  the  middle  of  it. 

These  tubules  are  in  a  somewhat  different  position  from  those  of 
the  recent  Diastopora  obelia^  and,  as  far  as  I  am  aware,  tubules  are 
known  only  in  these  two  cases. 

Until  this  was  cleaned  with  sulphate  of  soda^  I  had  not  seen  the 
tubules  and  supposed  that  it  was  Idmonea  compressa,  Eeuss  (Wien. 
Tert.  p.  46,  pi.  vi.  fig.  32 ;  Manzoni,  Bri.  foss.  del  Mioc.  Austr.  ed 
Ung.  p.  6),  but  in  that  species  no  mention  is  made  of  tubules. 

^ere  are  zocecia  on  the  dorsal  surface  irregularly  placed ;  on  the 
front  the  angular  sections  of  the  cells  resemble  lianzoni's  figure  17. 
Zocecial  aperture  about  0*06  millim.,  which  is  considerably  smaller 
than  that  of  JDiastopora  ohelia. 

We  do  not  yet  understand  the  function  of  the  tubules,  nor  do 
they  seem  to  have  received  much  study,  for  the  only  description  and 
figure  of  their  contents  is  given  by  Dr.  Pergens  (Bryozoaires  du 
Cretace,  Bull.  Soc.  Belg.  de  Geol.  vol.  iii.  p.311,fig.  4).  Some  sections 
that  I  have  cut  correspond  fairly  with  Dr.  Pergens's  description,  and 
npon  examination  of  my  sections  I  was  at  once  struck  with  the 
Bimilarity  of  the  '  fibres  allongees '  to  the  various  muscles  in  the 
zocecia ;  but  in  my  specimens  they  form  a  club-shaped  expansion 
near  the  extremity  of  the  tubule,  and  are  not  arranged  in  the  definite 
parallel  manner  figured  by  Br.  Pergens,  being  more  or  less  contorted, 
and  a  point  of  considerable  interest,  not  mentioned  by  that  observer, 
is  that  the  parenchym  cord  passes  through  the  centre  of  this  bundle 
of  muscles.  There  are  also  sometimes  muscles  lower  down  attached 
to  the  lower  part  of  the  parenchym  cord,  so  that  this  can  no  doubt 
be  slightly  moved  by  the  muscles. 

The  internal  structure  seems  to  support  an  idea  which  1  ex- 
pressed long  ago,  that  these  tubules  are  homologous  with  the 
avicularia  of  the  Chilostomata ;  by  this  1  mean  that  the  function  has 
originally  been  the  same.  In  the  avicularia  there  is  a  parenchym 
body  in  a  sheath,  which  can  be  pushed  slightly  forward  when  the 
beak  is  open ;  and  to  me  this  body  has  always  seemed  the  important 
part  of  the  aviculariimi,  while,  to  my  thinking,  the  prehensile  theory 
never  rested  upon  a  sufficient  basis.^ 

1  See  my  Supplementary  Eeport  on  the  *  Challenger '  Polyzoa,  p.  27. 
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Tbe  tubules  are  not  to  be  looked  upon  as  belonging  to  the 
zooecia,  but  as  being  of  equal  individual  importance  witb  the  zoo^cia. 
My  sections  of  the  living  Diastopora  ohelia  are  not  sufficient' to  enable 
me  to  give  a  full  description  of  these  tubules',  and  during  a  recent 
short  visit  to  the  Zoological  Station  at  Trieste  this  species  was  not 
met  with,  although  the  writer  was  specially  on  the  look-out  for  it. 

There  are  also  from  the  same  localities  adnate  specimens  of  fossil 
Diastopora^  with  similar  zooecia  and  similar  tubules,  and  seeing  that 
these  very  exceptional  characters  are  the  same  in  both  there  seems 
sufficient  reason  for  considering  them  as  stages  of  the  same  thing. 
Again,  from  Male  there  are  a  number  of  specimens  without  tubules, 
but  in  shape  and  growth  exactly  resembling  the  erect  DiaMopora 
hrendoUnsia,  These  Molo  forms  are  no  doubt  the  B.  compressa  of 
Eeuss,  though  the  two  may  have  to  be  united.  It  may  be  ashed 
whether  the  tubules  depend  on  the  condition-  of  growth. 

Loc,  Brendola;  Val  di  Lont'e;  Novezzina  (Ferrara  di  Monte 
Baldo);  Male. 

6.  InitoNEA  coNOAVA  (Reuss). 

Idmonea  concava^  lleuss,  Brj'.  von  Crosaro,  p.  282,  pi.  xxxv. 
tigs.  3,  4 ;  Olig.  von  Gaas,  p.  478  ;  Waters,  Ann.  Mag.  Nat.  Hist, 
sor.  6,  vol.  iii.  p.  271 ;  Seg.  Form.  Terz.  Reggio,  pp.  209,  297,  330, 
371 ;  Meunier  &  Pergens,  Bry.  du  Syst.  Mont.  p.  13 ;  Pergens, 
Bry.  von  Wola  Lu'zanska,  p.  62. 

Idnwnea  gradllima^  Beuss  {noii  Busk),  Bry.  von  Crosaro,  p.  282 ; 
Pergens,  Brj\  Foss.  de  Kolosvar,  p.  6  ;  Bry.  von  Wola  Lu'zanska, 
p.  63, 

There  is  sometimes  considerable  difference  in  the  dorsal  surface  of 
a  specimen,  part  being  very  distinctly  concave  while  the  rest  is 
almost  flat  or  even  convex,  and  as  /.  concava  and  graeUUma  \9<sre 
separated  only  on  account  of  the  characters  of  the  dorsal  surface  I 
am  convinced  that  they  should  be  united.  I  would  point  out  that 
in  almost  every  locality  where  one  of  these  forms  has  been  found  the 
other  occurs  also.  Ih.  Pergens  gives  a  list  of  ten  Hungarian  localities 
where  both  occur,  and  this  constant  appearance  together  in  beds  of 
various  f^es,  and  widely  separated,  should  alone  moke  us  suspect 
their  identity. 

Loc.  Val  di  Lonte  ;  Montecchio  Maggiore  ;  Brendola ;  Ferrara  di 
Monte  Baldo  ;  Crosaro  ;  Malo  ;  Mons  (Belgium)  ;  Wola  Lu'zanska ; 
Hungary  (Perg.) ;  South  Bavarian  Eocene,  Gaas  ;  Pliocene,  Italy. 
Living:  Mediterranean. 

6.  Idhonsa  reticulata  (lleuss).     (PI.  III.  ^g.  10.) 

Idmonea  (Crisina)  reticulata^  Eeuss,  Bry.  von  Crosaro^  p.  281, 
pi.  xxxiv.  fLg,  13. 

This  is  a  very  interesting  species,  as  showing  the  Idmonsa 
arrangement  of  the  zooecia  on  the  front,  whereas  the  pitted  structure 
on  the  dorsal  surface  is  a  character  frequently  occurring  in  Hornera^ 
but  not  in  Idmonea.  I.  reticulata  is  very  closely  allied  to,  if  not 
identical  with  Crisina  triangularis^  d'Orb.,  Pal.  Fran^.  p.  915. 
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This  would  be-  Crimdnumea  oS  Marason. 

Loe.  Yal  di  Lonte  (Reuss);  Brendola;  CroBaro ;  Montecdbio 
Maggiore;  Eerrara  di  Monte  Baldo ;  Malo. 

7.  PmsPABSA  vARiAus  (Rcuss). 

Filisparsa  vatiariSy  Eeuss,  Bry.  von  Crosaro,  p.  286,  pi.  xxxv, 
figs.  14,  16  ;  Manzoni,  Bri.  foss.  del  Mioc.  d'Ausfcr.  ed  Ung.  p.  9, 
pi.  vii.  fig.  27 ;  Keuss,  Olig.  von  Gaas,  p.  479. 

Filisparsa  tvbulosay  Waters,  xinn.  Mag.  l^at.  Hist.  ser.  5,  vol.  iii. 
p.  275. 

Eomera  hUoba^  Eeuss,  Eoss.  Pol.  Wien.  Tert.  p.  43,  pi.  vi.  ^g,  21; 
])tfanzoni,  Bri.  foss.  del  Mioc.  d'Auatr.  ed  Ung,  p.  9^  pi.  vii.  fig.  25. 

tUisparsa  Ddvauxiy  Pergeus,  Plioc.  Bry.  von.  Ehodos,  p.  6. 

In  specimens  from  Montecchio  Maggiore  there  are  ovicells  at  the 
bifnrcation  on  the  anterior  surface.  The  oviceU  is  of  a  Tubuli- 
poiidan  character  with  the  opening  wide,  either  directed  straight 
forwards  or  slightly  downwards.  This  is  but  a  trifle  stouter  than 
jP.  tubulosa  of  the  Mediterraneaa.  The  openings  of  the  zooociat 
tubes  are  0-2  millim.  wide. 

Loc.  Yal  di'  Lonte ;  Montecchio  Maggiore  ;  Brendol&;  Crosaro ; 
Itoraso ;  Malo ;  Gaas ;  Kostel ;  Baden  ;  Hungary  {Perg,  Sf  Bantken). 
Pliocene  of  Ehodes.     Living :  Mediterranean. 

8.  EnjsPAitsA  ABTALis  (?)  (Manzoui). 

FUisparsa  astalisj  Manzoni,  Bri.  foss.  del  Mioc.  d'Austr.  ed  Ung. 
p.  10,  pi.  viii.  fig.  28. 

There  are  some  specimens  from  Montecchio  Maggiore  which  are 
•usually  straight,  but  one  colony  dichotomizes  at  a  wide  angle..  The 
zoariom  is  about  0'8  mm.  wide,  and  the  zooecia  am  more  od  less  in 
series  from  one  side  of  the  zoarium  across  to  the  etiier,  wdth.  three 
or  four  zooecia  in  a  series.  Orifice  about  0*11  mm.  wide.  Anterior 
and  dorsal  surfaces  dotted,  and  also  faint  longitudinal  lines  on  the 
dorsal  surface. 

This  is  much  like  the  description  of  the  living  F.  tubigera^  d'Orb., 
aad  in  size  it  is  about  the  same  as  F,  ramosa,  d'Orb.,  as  measured  by 
Pergens  (Eev.  des  Bryoz.  du  Cr^t.  p.  351). 

Manzoni  makes  some  species  based  upon  the  presence  ornatuceof 
tbe  dots  ;  but  surely  this  depends  upon  the  state  of  preservation^  ae 
all  FUisparsa  and  Entahphora  have  small  tubes  through  the  shell, 
showing  as  dots. 

Seeing  that  Manzoni  did  not  give  measurements  or  the  magnifica- 
tion, it  is  impossible  to  be  quite  aure  about  the  identification  of  his 


Loc.  Montecchio  Maggiore ;  Malo. 

9.  EiTTAirOPHOKA  BARiPOBA  (d'Orbiguy). 

(?)  Entalophora  attenualay  Eeuss,  Bry.  von  Crosaro,  p.  286, 
1^  xxxvi.  figs.  1,  2. 

For  other  synonyms,  see  my  '  Eoss.  Cydost.  Bry.  from  Australia,' 
4luart.  Joum.  GeoL  Soc.  voL  xl.  (1884)  p.  686;  Pergens,  'Eev. 
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des  Bry.  du  Cret.  ^g.  par  d'Orb.'  p.  369  ;  and  Miss  Jelly's  *  Syno- 
nymic Catalogue/ 

There  is  also,  though  less  common,  a  more  slender  Entahphora 
from  Brendola  and  Montecchio  Maggiore  with  much  smaller  zooecial 
tubes  (0'09  mm.),  and  this  I  am  unable  to  identify  with  any  named 
species,  but  am  inclined  to  think  that  Eeuss  and  Manzoni  have 
caused  some  confusion  between  E.  anomale  and  E.  attenttuta,  BXid 
that  E,  anomale  should  have  been  the  stout  E.  raripora,  while 
E,  attemiata  is  the  more  slender  form. 

Loc.  Cretaceous  of  Europe  (generally  distributed);  Eocene, 
Miocene,  and  Pliocene  of  Europe.  Tertiaries  of  AustraHa  and  New 
Zealand.  Yal  di  Lonte  ;  Montecchio  Maggiore ;  Brendola  ;  Crosaro  ; 
Eonzo;  Male.  Living:  Europe;  Australia;  Florida;  Heard 
Island. 

10.   EUTALOPHORA  PULCHELLA  (EcUSs).      (PI.  III.  fig.  12.) 

Cricopora  puLehdla^  Beuss,  Poss.  Polyp.  Wien.  Tert.  p.  40,  pL  vL 
fig.  10. 

Cricopora  verticellcUa^  E^uss,  op.  cit.  p.  40,  pL  vi.  fig.  9. 

Spiropora  pulcheUa,  Beuss,  Bry.  von  Crosaro,  p.  287,  pi.  xxxvL 
figs.  4,  5. 

Spiropora  confertay  Beuss,  Bry.  von  Crosaro,  p.  287,  pi.  xxxvi. 
fig.  3 ;  Manzoni,  Bri.  foss.  del  Mioc.  d'Austr.  ed  Ung.  p.  12,  pi.  x. 
fig.  39. 

Fugtrdqpora  pulcheUay  Stoliczka,  Olig.  Bry.  von  Latdorf ,  p.  77  ; 
Manzoni,  Bri.  foss.  del  Mioc.  d'Austr.  ed  Ung.  p.  11,  pi.  ix.  fig.  35. 

Entalophora  pulcheUa,  Pergens,  Bry.  de  Kolosvar,  p.  6;  Bry. 
von  Wola  Lu'zanska,  p.  65 ;  Revision  des  Bry.  du  Cret.  p.  358, 
which  see  for  synonyms  of  Cretaceous  forms  ;  Eeuss,  Foram.  Anth. 
und  Bryoz.  des  deutsch.  Septarienthones,  p.  194,  pi.  ix.  fig.  5; 
Brj'.  und  Eoram.  des  unt.  Planers,  p.  116,  pi.  xxix.  fig.  3 ;  Fauna  d. 
Steinsalz  von  Wieliczka,  p.  124. 

Entalophora  davtUa^  Eeuss,  Foram.,  &c.,  des  deutsch.  Septarienth. 
p.  194,  pi.  ix.  figs.  3,  4  (non  Eeuss,  Foss.  Polyp.  Wien.  Tert.  p.  41). 

The  lower  part  of  the  zoarium  has  the  zooecia  irregularly  placed, 
that  is  to  say  is  E.  puLcheUa  of  Eeuss,  while  the  upper  part  has 
them  verticillate  and  is  the  Spiropora  conferta  of  Eeuss.  I  have 
never  found  the  irregular  growth  following  the  regular.  Dr.  Pergens 
agrees  with  me  that  in  this  species  part  grows  as  Spiropora  and  part 
as  Entalophora ;  but  he  thinks,  as  it  is  not  found  in  other  cases, 
that  we  should  not  on  this  account  unite  the  two  genera.  Although 
we  cannot,  however,  expect  hard  and  fast  generic  lines,  yet  it  does 
seem  that  when  the  characters  of  the  two  genera  are  found  in  one 
stem  this  is,  as  I  have  proposed,  sufficient  reason  for  dropping  the 
genus  Spiropora, 

The  specimen  figured  in  PI.  III.  has  three  inflations  which  must 
be  looked  upon  as  ovicellular,  and  the  zooecia  are  here  more  irregular 
in  consequence  of  the  inflations. 

Loc.  Val  di  Lonte ;  Montecchio  Maggiore ;  Brendola ;  Ferraxa  di 
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Monte  Baldo ;  Malo ;  Priabona ;  variouB  localities  in  Hungary 
(Pergens  4c  Hantken);  Latdorf;  Castelarquato ;  Eisenstadt,  &c. 
SoUmgen  ;  Cenomanian  of  Saxony  (?). 

11.  Ehtalophosa  tenuissdca  (Ileuss). 

Spiropara  tenuissima^  Beuss,  Bry.  von  Crosaro,  p.  288,  pi.  xxxvi. 
fig.  6. 

Specimens  from  Brendola,  with  delicate  zoarinm  and  narrow 
zooecia  arranged  in  yerticillate  manner,  are  no  doubt  what  Eeuss 
described,  but  I  am  by  no  means  sure  that  this  is  a  good  species. 

12.  HoBirsBA  concatenata  (Reuss). 

Homera  eoneatenata,  Eeuss,  Br}',  von  Crosaro,  p.  283,  pi.  xxxv. 
figs.  5,  6. 

Somera  coneatenata^  Waters, '  Closure  of  the  Cyclost.  Bry.,'  Journ. 
linn.  Soc.  vol.  xvii.  pi.  xvii.  fig.  2 ;  Pergens,  Bry.  von  Wola  Lu - 
zanska,  p.  63 ;  Bry.  Garumniens  de  Faxe,  p.  217. 

Homera  subannulata,  Phil.,  Tert.  Verstein.  N.W.  Deutsch.  p.  36, 
pi.  i.  fig.  9;  Stoliczka,  dig.  Bry.  von  Latdorf,  p.  79,  pi.  i.  fig.  4; 
Beuss,  Fauna  des  deutsch.  Oberolig.  p.  58 ;  Eeuss,  Foram.  Anth. 
und  Bryoz.  des  deutsch.  Septarienth.  p.  195,  pi.  x.  figs.  2, 3. 

The  zocecia  occur  in  pretty  regular  series  extending  nearly  across 
the  zoarium.     The  closure  is  low  down  in  the  zooecial  tube. 

Loc.  Val  di  Lonte ;  Montecchio  Maggiore ;  Brendola ;  Ferrara  di 
Monte  Baldo;  Crosaro;  Eonzo;  Malo;  ten  localities  in  Hungary 
(Perg.) ;  Ofener  Mergel  (HantJcen) ;  Bavaria ;  and  Upper  Cretaceous 
iPerff.). 

13.  HoBNERA  SEBBATA  (Ecuss ;  tion  d'Orb.  &  non  Menegh.).   (PI.  111. 

^g.  11.) 

Homera  aerrata^  Eeuss,  Foss.  Bry.  von  Crosaro,  p.  285,  pi.  xxxv. 
figs.  10-11. 

This  very  small  species,  on  the  anterior  surface  closely  resembling 
H»  eoncatenata^  Eeuss,  is  distinguished  by  the  posterior  surface  on 
which  the  zooecial  lines  spread  out  alternately.  1  have  not  in  my 
specimens  seen  any  indication  of  this  being  the  terminal  branch  of 
£r.  eoTUXitenata ;  the  possibility  might,  however,  be  kept  in  view. 
The  bordering  lines  on  the  dorsal  surface  unite  before  the  median 
line  of  the  zoarium,  but  a  ridge  is  continued  to  each  of  the  two  next 
zooecia,  and  it  will  be  seen  that  in  this  as  well  as  some  of  the  other 
Jdmonea  the  zocecia  extend  far  back  on  the  dorsal  surface. 

In  a  specimen  from  Montecchio  Maggiore  there  is  an  ovicell  en- 
tirely at  the  side  of  the  zoarium,  and  as  far  as  I  know  this  is  the 
first  time  that  an  ovicell  has  been  found  in  this  position.  It  is  only 
ixidicated  by  the  dotted  lines  in  the  figure,  as  that  is  drawn  from  a 
Srendola  specimen. 

Loe.  Val  di  Lonte  (Eeuss  Sf  W.) ;  Montecchio  Maggiore  (6?.  ^  W.) ; 
Brendola ;  Ferrara  di  Monte  Baldo. 


Digitized  by  VjOOQ IC 


160  MB.  A.  W.  WATEBS  ON 

14.   HORNEBA  A8PBRTJLA  (ReUSS).      (PL  IH.  fig.  7.) 

Homera  asperula^  Reuss,  Bry.  von  Orosaro,  p.  284,  pi.  xxanr. 
figs.  8,  9. 

Homera  d^Aehiardi^  Eeius,  op.  ciL  p.  285,  pL  xxxv.  fig.  12. 

This  is  a  very  small  speoies,  and  in  specimens  from  Brendola 
numerous  short  branches  grow  at  right  angles  to  the  main  branch. 
There  is  no  serial  arrangement  of  the  zocecia  as  in  H,  concatenata^ 
and  in  the  younger  ends  there  is  a  longitudinal  ribbing  as  figured  in 
H.  d'Achiardi,  whereas  the  older  part  is  plain. 

Loe.  ValdiLonte(JR«««);  Brendola;  MonteechioMaggiore((?o«.): 
Ferrara  di  Monte  Baldo  ;  Lonigo. 

i5.   HOBNBBA  FBONBIGULATA  (LamOUrOUZ). 

For  synonyms,  see  Jelly,  Catal.  of  Marine  Brj-ozoa,  p.  115,  and  add : 
•  Hoi*nera  trabeeularig^  Ilenss,  Bry.  von  Crosaro,  p.  284,  pL  xxxv. 
fig.  7. 

H.  trabecularis  of  Reuss  represents  the  growing  end  of  IT.  frondi- 
culata^  and  Pergens  has  already  indicated  that  they  are  synonymous. 
There  are  also  stouter  basal  portions  from  Brendola. 

Loc,  Widely  distributed  in  the  Eocene,  Miocene,  and  Pliocene  of 
Europe,  and  in  the  Australian  Tertiaries ;  Wanganui,  New  Zealand : 
Val  di  Lonte  {Beuss);  Montecchio  Maggiore;  Brendola;  Malo^ 
Crosaro ;  Konzo.     Living  :  Mediterranean ;  Cape  Verd. 

16.  Cbassohokneba  abbuscuia  (B«u8s).     (PI.  111.  figs.  5,  6.) 

Ceriopora  arhusculum,  Eeuss,  Foss.  Polyp.  Wien.  Tert.  p.  34, 
ph  V.  figs.  12,  13. 

1  had  not  seen  this  species  when  1  described  Crassohomera 
waipuherensis  (Quart.  Joum.  Geol.  Soc.  vol.  xliii.  p.  349),  but,  as  I 
then  said,  they  are  very  closely  allied.  In  the  Montecchio  Haggiore 
specimens  the  entire  surface  is  covered  with  shallow  pitsr,  with  a 
pore  in  the  centre,  those  on  the  dorsal  surface  being  the  smaller. 
The  ovicell,  which  is  dorsal,  extends  over  nearly  the  whole  width  of 
the  zoarium,  and  the  pits  on  its  surface  are  more  angular  than  those 
on  the  zocecia. 

The  zoarium  starts  with  a  fiat  base,  and,  after  growing  yerfcici^y 
for  a  very  short  distance,  grows  horizontally,  with  numeroiw  short 
branches  on  each  side.  Tbe  position  of  the  ovicell  indicates  that  wo 
have  to  do  with  more  than  a  basal  growth,  and  shows  relationship 
with  Homera,  nor  is  it  by  any  means  certain  that  a  second  genus  is 
required. 

Manzoni  (Bri.  foss.  del  Mioc.  d'Austr.  ed  Ung.  p.  18,  pi.  xi. 
fig.  43)  says  this  is  probably  the  same  as  Ceriopora  glohulas,  C^  eylin- 
drica,  &c.,  but  with  this  opinion  1  am  unable  to  agree.  There  is  also 
Ceriopora  arhuscuhis,  Eoemer,  from  Sollingen,  which,  though.  namAd 
independently,  is  very  similar. 

Loc.  Yal  di  Lonte  (Beusg);  Montecchio  Maggiore;  Btendola ; 
Lonigo. 
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17.  Stoicatopoka  itAJOR  (Johnstoii). 

For  synonyms,  see  "Waters,  Quart.  Joum.  Geol.  Soo.  voll  xliii. 
(1887)  p.  342. 

A  specimen  from  Yal  di  Lonte  would  seem  to  be  this  specioii,  and 
I  believe  that  the  D-iastopora  echinata^  Eeuss,  Fobs.  Polyp*  Wieik 
Tert.  p.  52,  pi.  vii.  figs.  14, 15,  and  Alecto  ecJiinaia^  ManzoniyBi^.  foss. 
del  Mioc.  d'Austr.  ed  Ung.  p.  16,  pi.  xiv.  fig.  57,  are  also  this  species. 

The  zocBcia  have  an  internal  diameter  of  about  0-15  mnr. 

1*8.  Pavotubigera  flabbllata  (d'Orbigny). 

Pavotttbigeraflahellata^  d'Orb.,  Pal.  Fran<;.  p.  767,  pi.  752..  figs.  4- 
8';  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xl.  (1884)  p.  691. 

There  are  some  specimens  with  the  point  of  origin  exoentric, 
just  as  figured  by  d'Orbigny,  while  in  some  the  colonies  are  almost 
discoid,  and  others  again  are  semicircular ;  this  last  is  probably  a 
younger  form  and  has  been  described  by  lleuss  as  Defraneia  d^mi- 
diata.  It  would  seem  that  in  these  various  forms  we  have  only  stages 
of  growth  before  us. 

Loe.  Cretaceous,  Meudon;  Tertiary  of  Australia,  Aldinga; 
Brendola;  Montecchio  Maggiore. 

19.  DSFRAITCEA  BBBNDOLEXSIS,  Sp.  UOV.       (PI.  111.  figS.  2-4.) 

Zoarium  stalked,  then  spreading  out  and  forming  a  lamina,  which 
has  radiate  lines  underneath.  Upper  part  of  the  zoarium  more  or 
less  cup-shaped,  with  usually  10  to  12  very  stout  and  much  raised  rays, 
^with  the  zooecia  opening  to  the  outside  of  the  zoarium.  Centre  of 
tlie  cup  pitted.  In  one  specimen  there  is  no  lamina,  and  in  this 
case  there  is  a  regular  increase  in  size  from  the  base,  making  the 
zoarium  funnel-shaped,  and  the  under  surface  has  large  pit9,  se  that 
it  then  does  not  differ  from  the  Cretaceous  Bicavea  umula,  d'Orb., 
Fal.  Fr.  pi.  776,  fig.  2. 

D,  hr^idoletisis  is  allied  to  the  IHscotifhif/era  inaignUy'NLBnzoj)^  (Bri, 
foss.  del  Mioc.  d'Austr.  ed  Ung.  p.  17,  pi.  xvi.  fig.  64)^  ta  De- 
frantML  {Pelagia)  BeyrtcJiii,  Reuss  (Septar.  p.  193) ;  to  Bieavea, 
d'Orb.,  and  possibly  Diseocytis,  d*Orb. 

Lac.  Brendola ;  Montecchio  Maggiore. 

20.  LiCHBKOPOKA  HispiDA  (Fleming). 

TubuUpora  stelUformis^  Reuss,  Foss.  PoIj^k  Wien.  Tert.  p.  49, 
pi.  vii.  fig.  4. 

Defraneia  interrupta^  Reuss,  Bry.  von  Crosaro,  p.  268,  pl.  xxiiv. 
fig.  12,  pl.  xxxvi.  fig.  9. 

Loc,  Living:  European  Seas;  Australia;  Tristan  d'Acunha. 
Fossil:  Miocene,  Eisenstadt  and  Morbisch;  Pliocene,  Crag,  Cala- 
bria. Australia ;  New  Zealand.  Brendola ;  Val  di  Lonte ;  Crosaro  ; 
Montecchio  Maggiore. 

21.  LiCHENOPOEA  (?)  INCBUSTANS,  sp.  UOV.      (Pl.  III.  figS.  8,  9.) 

Zoarium  incmsting  as  a  single  layer.  Zooecia  opening  vertically 
with  strong  bars  radiating  out  to  the  neighbouring  zooBcia. 
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Until  this  was  properly  cleaned  it  looked  like  JDiastopora.  There 
are  no  signs  of  a  radial  or  discoid  growth  and  the  structure  reminds 
us  of  that  of  Heteropora,  so  that  it  is  difficult  to  know  where  it  should 
be  generically  placed. 

I  have  not  had  suitable  material  for  making  sections  in  order  to 
study  whether  the  cross-bars  are  hollow. 

Loe*  Brendola  and  Montecchio  Maggiore. 

22.  Kkebbopoba  subrbticuijlta  (Eeuss). 

Heteropora  mhretieulata,  Eeuss,  Bry.  von  Crosaro,  p.  288,  pi.  xxxri. 
fig,  7 ;  Pergens,  Bry.  von  Wola  Lu'zanska,  p.  65. 

Setercpora  reticulcUa^  Marsson  (non  Busk),  Bry.  Riigen.  Kreide, 
p.  26,  pi.  ii.  fig.  4. 

A  specimen  from  Brendola  twice  dichotomises.  Zoarium  about 
1  miUim.  wide.  This,  I  believe,  is  the  same  as  a  specimen  I  have 
seen  from  the  Chalk  of  Gravesend  and  which  was  then  considered  to 
be  Clauaa  micropora.  As  already  remarked  by  Reuss,  the  zooecia  are 
more  abundant  upon  the  one  side  than  upon  the  opposite.  The  can- 
oelli  are  situated  in  deep  pits,  and  in  well-preserved  specimens  are 
much  smaller  than  the  oral  apertures.  Oral  aperture  about  0*07 
mm.  wide. 

Loc,  Yal  di  Lonte  (Heuss) ;  Brendola;  Molo;  Wola  Lu'zanska. 
Cretaceous,  Riigen. 

Note, — ^To  the  Chilostomatous  species  mentioned  in  my  previous 
paper  I  would  add  Microporella  distomay  Busk,  from  Male,  Novezzina, 
and  Crosaro. 

EXPLANATION  OF  PLATE  HL 

Fig.  1.  Diastcpora  brendolenns,  sp.  nor.,  x  25. 

Figs.  2-4.  D^anceabrendolenm^B^.  nov.,  X  12. 

Figs.  5, 6.  CroMohomera  arbuscuia,  Beuss,  X  12  &  8. 

Fig.  7.  Homera  aaperuUiy  Beuss,  X  25. 

Figs.  8,  9.  Lichcnopora  incruatans,  sp.  nov.,  X  25. 

Fig.  10.  Idnumea  retioultUa,  Beuss.    Section,  X  25. 

Fig.  11.  Homera  ierraiay  Beuss.    Dorsal  surface,  X  12. 

Fig.  12.  ErataUyphora  pulcheUa^  Beuss,  showing  oTicellular  inflations,  X  12. 

Discussion. 

Dr.  G.  J.  HiNDB  said  that  the  revision  of  the  characters  and 
classification  of  the  Bryozoa,  so  carefully  carried  out  by  Mr.  Waters, 
was  of  considerable  importance  to  aU  students  of  these  forms. 
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15.  Abcil£opneu8TB8  abbuptvb,  a  New  Genus  and  Spbcibs  of 
EcmNOiD  from  the  Oceanic  Sebibs  in  £abbado8.  By  J.  W. 
Gbbsobt,  Esq.,  B.Sc.,  P.6.S.     (Bead  January  6th,  1892). 

[Plate  IV.]  . 

GOXTENTS. 

Pase 
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n.  Zoologicttl  Affinities 164 

m.  Geological  Evidence 168 

I.  Diagnosis  of  the  Echinoib. 

ArcJueopneustes,  nov.  gen.^ — Test  large,  elongate;  high  and 
generally  conical,  with  the  anterior  slope  much  the  steepest. 
Anterior  ambulacrum  flush. 

Apical  system :  ethmolysian  (in  cases  which  are  certainly  known ; 
but  M.  Gotteau's  figure  leaves  the  matter  doubtful  in  one  species). 

Ambulacra :  the  lateral  are  subpetaloid,  broad  and  unequal ;  the 
petaloid  portions  extend  to  the  ambitus.  The  pores  are  large ;  in 
the  posterior  pair  the  outer  pores  are  elongate  or  comma-shaped. 
The  anterior  ambulacrum  is  reduced,  and  contains  only  very  small, 
scattered,  single  pores. 

Peristome :  very  excentric  anteriorly.     Labiate :  in  a  depression. 

Periproct :  on  the  narrow  posterior  vertical  margin. 

Fascioles :  none,  or  possibly  an  imperfectly  developed  marginal 
one. 

Distribution. — Cainozoic  (recent  and  fossil)  in  West  Indies. 

Species  1.  (Type  of  genus)  Archceopmustes  hystriv  (A.  Agassiz). 
Species  2.  Arehceopnetistes  ahruptus^  n.  sp. 

Form:  anterior  margin  well  rounded  and  with  no  anterior 
groove ;  the  maximum  width,  which  is  greater  than  the  length,  is 
at  a  little  less  than  a  third  of  the  length  of  the  test  from  the 
anterior  margin  ;  from  the  widest  part  the  sides  taper  back  by  a  long 
curve  to  the  narrow  posterior  end.  Seen  from  the  sides  the  anterior 
margin  is  short  and  steep ;  and  from  the  vertex  there  is  a  long 
backward  slope  which  increases  in  steepness  till  it  reaches  the 
posterior  margin. 

Apical  system :  at  the  apex,  very  excentric  anteriorly ;  details 
unknown,  but  it  is  probably  compact. 

Ambulacra:  .the  antero-lateral  pair  diverge  from  the  apex  almost 
at  right  angles  to  the  long  axis  of  the  test ;  the  postero-lateral  are 
longer  and  broader.     Both  pairs  are  flush ;  the  inner  pores*  are 

1  The  name  is  due  to  the  oharacters  being  more  archaic  than  in  the  caM  of 
ita  nearest  ally,  Palaopneustes. 

*  The  specific  name  refers  to  the  abruptness  of  the  anterior  slope. 
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round ;  the  onter  Elongate,  especially  in  the  postero-lateral  ambu- 
lacra, in  which  they  become  comma^shaped.  The  petals  reach  to 
the  ambitus.  The  interporiferous  areas  are  broad,  and  taper  but 
slightly  at  the  lower  end. 

Interradii:  The  postero-lateral  are  the  broadest.  In  all  the 
plates  are  massive,  somewhat  Y-shaped,  and  imbricate  slightly. 

Periproct :  large  and  marginal ;  it  is  elliptical,  with  the  longer 
ax^  vertical. 

Peristome:  less  excentric  than  in  some  species.  Strongly  bi- 
labiate. 

Dimensians  of  type : — 

...  niin. 

...   Length    87 

Height    60 

Width 95 

Distance  of  apical  system  from  anterior  margin .  29 

„  mouth         „  „  „  27 

Antero-lateral  ambulacra :  length     72 

.„  „  width 16 

Postero-lateral  ambulacra :  length    77 

„  „  width 19 

Tifpe.  Brit.  Mus.,  E  3433.    (G.  Jirth  Franks  Coll.) 

IHstritmtum.  Uppermost  limestone  of  the  Oeeanic  8en€fi.  Biaoez 
Hill,  Barbados. 

AffinitiM  and  Distinctions.  Fxom'A.  l^yatrififf  (A.  Agaasiz)  this 
species  differs  in  the  more  anterior  position  of  its  apioal  disk,  but 
this  may  be  exaggerated  by  the  slight  crushing  back  of :  the  anterior 
margin  of  the  specimen ;  moreover,  the  plates  in  the  new  speom 
are  Y-shaped,  whereas  Prof.  Agassiz  figures  the  margins  in  his 
species  as  horizontal  and  nearly  straight.  From  A.  cuhensis  (Cott.) 
it  may  be  distinguished  by  tlie  fact  that,  owing  to  the  more  central 
position  of  the  apical  system  in  the  Cuban  species,  the  antero-lateral 
ambulacra  run  obliquely  forward  and  are  not  in  the  same  straight 
line. 

From  Pdlo'xypntustes  critftatus  (A.  Ag.)  and  P.  Jimenoi  (Cott.)  it 
differs  in  that  the  petaloid  portions  of  the  ambulacra  in  these  are 
short,  and  the  pores  become  single  and  minute  at  some  distance 
from  the  ambitus ;  the  shape  of  these  three  species  is  also  different. 


II.  Zoological  Appinities. 

The  irregular  toothless  Echinoidea  are  divided  into  two  ordeics, 
the  Cassiduloidea  and  Spatangoidea  ;  the  former  is  chai^cterized  by 
the  centxal  or  subcentral  mouth  surrounded  by  the,  depressed  widened 
*  phyllodes '  of  the  ambulacra,  and  the  raised  *  bourrelets  *  between 
them,  which  together  form  the  '  floscelle.'  The  Spatangoidea  on 
the  other  hand  possess  no  floscelle,  have  the  mouth  generally  very 
excentric  anteriorly,  and  the  anterior  ambulacrum  much  reduced.     In 
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1847  L.  Agassiz*  founded  a  genus  Asterostimia  for  a  Bpecies  (of  wbfit 
here^^arded  as  the  same  as  Lamarck'is  Clypeaster  excentricusY  which 
combined  the  reduced  anterior  ambulacrum  of  the  Spatangoidea 
with  the  central  mouth  of  the  Cassiduloidea.  With  the  ezception 
of  various  expressions  of  opinion  as  to  the  proper  systematic  position 
of  the  genus,  nothing  material  was  added  till  in  1871  H.  Cotteau 
described  two  species  of  large  Echinoidea  which  he  assigned  to  the 
same  genus,  owing  to  the  great  resemblance  in  the  structure  of  the 
abactinal  surface,  and  the  fact  that  they  came  from  the  sione 
locality.'  Unfortunately  no  figures  were  given  of  the  peristome, 
and  some  palaeontologists  subsequently  concluded  that  it  was  on 
the  same  plan  as  in  the  typical  species,  in  spite  of  M.  Cotteau's 
Htatement  that  the  mouth  was  bilabiate  and  anterior.  Thus  Prof. 
A.  Agassiz^  seems  to  have  been  greatly  impressed  with  the  resem* 
blance  of  M.  Cotteau's  species  to  an  Echinoid  dredged  off  Barbados, 
which  served  as  the  type  of  his  genus  Pakeopneustea  ;  he  remarked 
that  these  differ  '^  only  in  the  absence  of  actinal  ambulacral  furrows 
and  in  having  a  labiate  actinostome  instead  of  the  pentagonal 
sunken  mouth  represented  in  the  poorly  preserved  specimens  of 
Astsrogtoma*^  As  in  the  type  of  this  genus  the  mouth  is  central 
and  non-labiate.  Prof.  A.  Agassiz's  genus  is  valid,  but  he  left  the 
two  species  described  by  M.  Cotteau,  to  which  his  own  are  closely 
allied,  in  the  old  genus.^  The  first  recognition  of  the  importance 
of  the  difference  of  the  mouth  was  by  P.  Martin  Duncan^  in  his 
Bevision,  where  he  made  a  new  genus,  FBeudasteroatoma^  for 
the  larger  of  M.  Cotteau's  species  (A.  Jimenoi) ;  the  other  species 
(A.  cuhente)  was  still  left  in  Asterosiama^  but  as  M.  Cotteau  has 
kindly  given  me  a  sketch  of  the  peristome  of  that  species  (repro- 
duced in  PI.  lY.  fig.  6)  it  must  also  be  separated  from  the  genus. 
Both  Aiterostoma  and  Fseudcuterostoma  were  left  by  Martin  Duncan 
in  very  close  alliance,  and  associated  with  some  remarkable  extinct 
genera  in  a  new  family — the  PlesiospcUangidce ;  this  was  included 
in  the  order  Cassiduloidea,  though  forming  a  connecting  link  with 
I  he  Spatangidcs ',  the  two  genera  were  thus  separated  far  from 
Palceopneustes.  Duncan  does  not  seem  to  have  compared  them 
closely  with  the  living  genus. 

A  short  time  ago  an  Echinoid  was  received  from  Mr.  G,  'Eirth 

*  In  Aganiz  asd  Desor  '  Catalogue  BaiBODn^  des  fSBonilles,  des  genres,  et,des 
eapeMS  &  la  olaBfle  des  Eohinodermee/  Ado.  fici.  'Kat.,  Zool.  s^r.  S,  t  Tii. 
p.  168. 

'  '  Histoire  naturelle  des  Animauz  saos  .YertebreB/  t-  iii*  (1816)  p.  .15. 

»  'Notice  Bur  le  genre  AsierosiamaJ  M6m.  See.  ,g6ol.  France,  «6r.  2,  tix. 
(1871)  pp.  177-184,  pis.  xvi.  and  xvii.  For  preliminary  notice  of  these,  see  Bull. 
Soc.  gtof.  FraDce,  s^r.  2,  t.  xxir.  (1867)  pp.  826,  827 ;  and  also  *  Sur  le  genre 
Aaterottoma^  de  la  lamilLe  des  £chinocoryd^es,'  Compt.  B«nd.  yol.  Ixx.  (1870) 
pp.  271-273. 

^  *The  Echini  collected  on  the  Hassler  Expedition,'  Bull.  Mas.  Comp. 
Zool.  voL  iii.  no.  8  (1873)  pp.  188,  189. 

^  'Beport  on  the  Echini/  Beports,  Expedition  of  the  ^  Bloke,'  no.  xxiy. 
pt.  1.    Mem.  Mus.  Oomp.  Zool.  vol.  x.  no.  1  (1883)  p.  91. 

*  *  A  Beyision  of  the  Genera  and  great  Groups  of  the  Echinoidea/  Joum^ 
linn.  Soc,  ZooL  vol.  xxiiL  (1889)  pp.  201-204. 
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Franks,  to  whom  the  British  Museum  is  indebted  for  a  valuable 
collection  of  fossils  and  rooks  from  Barbados.  The  spedmen  was 
collected  by  Mr.  Franks  in  a  bed  belonging  to  the  Oceanic  Series  at 
Bissex  Hill.  It  wajs  obvious  that  it  belonged  to  the  genus  Palceo- 
pnewtes^  but  the  whole  appearance  of  the  abactinal  sur&ce  was 
so  much  like  that  of  A,  eubevise,  Cott.,  that  I  was  led  to  ask 
M.  Cotteau  for  further  information  about  the  peristome  of  that 
species.  M.  Cotteau's  sketch  shows  that  it  is  on  the  normal 
spatangoid  t}'pe,  and  that  it  agrees  in  aU  essential  respects  with 
the  new  species  from  Barbados  and  with  PaUropneustea  Tiystrix^ 
A.  Ag.^  The  new  species,  the  two  fossil  species  from  Cuba,  and  the 
two  recent  species  also  from  the  West  Indies,  may  all  be  described  as 
irregular,  nodostomatous,  adete  Echinoids,  in  which  the  peristome 
is  anterior  and  bilabiate,  the  periproct  on  the  low  posterior  vertical 
margin,  and  the  anterior  ambulacrum  reduced.  This  definition 
includes  a  sufficient  series  of  characters  to  show  that  the  five 
species  are  in  very  intimate  alliance.  There  are,  however,  two 
points  of  difierence :  three  of  the  species  {cuhensis^  hystris^  and 
abrupttis)  have  the  petals  continued  to  the  margin  and  the  mouth 
very  excentrio  anteriorly  ;  two  others  (eristatus  and  Jimenot)  have 
the  petals  short  and  closed,  and  the  mouth  somewhat  more  central. 
This  latter  point  is  clearly  shown  in  Prof.  A.  Agassiz's  figures  of 
P.  cristatus^  and  it  may  be  inferred  from  the  figure  of  the  abactinal 
side  of  A.  Jimenoi  given  by  M.  Cotteau.  These  characters  are  asso- 
ciated with  a  marked  difierence  in  the  form  of  the  test,  which  is 
elliptical  and  conical  in  the  first  group  and  more  evenly  rounded  in 
the  second.  The  difierence  in  the  structure  of  the  petals  seems 
fully  entitled  to  generic  distinction,  especially  when  accompanied 
by  ^e  concomitant  variation  in  form  and  the  position  of  the  mouth. 
As  the  petals  in  the  three  first  species  are  on  the  more  primitive 
type,  it  is  proposed  to  name  the  genus  proposed  for  them  Archoeo- 
pnewftes. 

Duncan's  genus  Pseudasierostoma  has  to  be  abandoned  as  a 
synonym  of  Palceopnetistes,  and  one  would  be  glad  if  it  could  be 
retained  for  the  three  species  for  which  a  name  has  to  be  found. 
But  this  unfortunately  cannot  be  done,  for  the  following  reasons : — 
(1)  P.  Jimenoi  (Cott.)  is  expressly  mentioned  as  the  type  ;  (2)  A. 
cuhense^  Cott.,  is  expressly  excluded ;'  (3)  the  shortness  of  the  peta- 
loid  portions  of  the  ambulacra  is  given  as  one  of  the  characters  of 
that  genus.  Pseudasierostoma  cannot  therefore  be  dissociated  from 
its  type  species  and  applied  to  a  form  with  different  characters, 
which  Duncan  had  rightly  excluded  from  it. 

^  A.  Agassiz,  'Beports  on  theltesults  of  Dredging  ....  by  the  'Blake*: 
No.  IX.  Preliminary  Beport  on  the  Echini/  Bull.  Mus.  Comp.  Zool.  toI.  viii. 
no.  2  (1880),  p.  82 ;  also  Mem.  Mus.  Comp.  ZooL  toL  x.  no.  1  (1883)  pp. 
58-60.  pis.  xviii.,  xix.  fig.  2. 

^  *  Zoological  Besults  of  the  Hassler  Expedition :  Part  I.  Echini/  III.  Cat 
Mus.  Comp.  Zool.  no.  viii.  (1874)  pi.  iv.  fig.  3,  and  especially  Mem.  Mus.  Comp. 
Zool.  vol.  X.  no.  1  (1883)  pi.  xxi.  fig.  11. 

s  Duncan,  op,  wpra  cit  p.  204. 
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The  absorption  of  Pwudasterogtama  and  the  removal  of  M.  Coi- 
tcau's  two  species  to  the  adete  Spatanyidce  deprive  the  Plesio9pa' 
tangid(B  of  the  most  important  links  between  the  two  orders  (Spatan- 
goidea  and  Cassiduloidea),  bat  leave  it  as  a  more  homogeneous  group, 
though  bereft  of  the  particular  interest  that  Duncan  had  assigned 
to  it. 

The  following  synonymic  summary  of  the  genera  in  question  may 
reader  the  above  conclusions  less  liable  to  be  misunderstood. 

Asterostomay   L.  Agassiz,  1847,  Ann.  Sci.  Nat.,  Zool. 
ser.3,  t.  vii.  p.  168. 
T  excentriciimy  L.  Agassiz,  op.  cit.  p.  168. 

cubenu,  C!ottean,  =  Archcropneustes, 
Jimenoi^  Cotteau,  =  Palaopntustes, 
Pateopneiuitety  A.  Agassiz,  1873,  Bull.  Mus.  Comp.  Zool. 
vol.  iii.  no.  8,  p.  188.     (First  diagnosed  by  P.  M. 
Duncan.  Journ.  Linn.  Soc,  Zool.  vol.  xxiii.,  1890, 
pp.  223,  224. 
T  cristatns,  A.  Agassiz,  1873,  Bull.  Mus.  Comp.  Zool. 

vol.  iii.  no.  8,  p.  189.    (Fig^  III.  Cat.  Mus.  Comp. 
Zool.  no.  viii.  p.  14,  pi.  iv.  figs.  1-3  :  also  Mem. 
Mus.  Comp.  Zool.  vol.  x.  no.  J,  pp.  58-60,  pi.  xxi.) 
Jimenoi  (Cotteau). 

Syn.  Asterostoma  Jimenoi,  Cotteau,  1871.  M^iii.  Soo.  g^ol. 
France,  b6t.  2,  t.  ix.  pp.  180,  181,  pi.  zTi.  fig.  1, 
pi.  zvii.  fig.  1.     Also  Ann.  Soo.  geol.  Beige,  t.  ix. 
1882,  Mem.  pp.  25-27. 
Paeudasteroatoma  Jimenoi  (Cotteau).    P.  M.  Duncan, 
1890.  Revision,  Journ.  Linn.  Soc.,  Zool.  yoL  xxiii. 
pp.  203,  204. 
eontcus^  Dames,  1 877,  PalsBontographica,  vol.  xxv.  p.  47, 
pi.  viii.  fig.  1,  =  PUsiolampas.    (See  Duncan,  op, 
cit.  pp.  194  &  224.) 
Murraifi^  A.  Agassiz,  1879,  Proc.  Amer.  Acad.  vol.  xiv. 

p.  210,  Bs  Ltnopneustes. 
AntiUarum  (Cotteau),  Duncan,  op.  cU.  p.  224,  =  Peri- 
pneiistes. 
Arcliaeopiieu«te»9  n.  gen. 
T  hyttriz  (A.  Agassiz;. 

Syu.  Palaopnetistee  hyttrix,  A.  Agassiz,  1880.    Bull.  Mus. 
Comp.  Zool.  vol.  Tiii.  no.  2,  p.  82.     (Fig«>  *  Blake  * 
Echini,   Mem.  Mus.    Comp.  Zool.  toI.  z.  no.  1, 
pp.  58-60,  pb.  xviii ,  xix.  fig.  2.) 
cubentU  (Cotteau). 

Syn.  Aaterogtoina  eubeftee,  Cotteau,  1871.    M^m.  Soc.  g^ol. 
France,  ser.  2,  t.  ix.  pp.  181,  182,  pi.  xvi.  figs.  2-4, 
pi.  xvii.  figs.  2-4.     Also  Ann.  Soc.  g6ul.  Beige,  ix. 
1882,  M6m.  pp.  27-30. 
abmptnSy  n.  sp. 
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III.  Geological  Evidence. 

But,  in  addition  to  the  biological  value  of  Archcpopneustes  abrnptuSf 
it  is  of  interest  a»  throwing  further  light  on  the  relations  of  the  itadio- 
larian  Series  of  Barbados.  We  have  seen  that  its  closest  allies  are 
two  species  now  living  in  the  West  Indies  and  two  extinct  species 
from  Cuba.  The  last  had  been  assigned  to  the  Cretaceous  by 
MM.  d'Orbigny  and  Cottcau,  owing  to  their  resemblance  to  the 
common  Chalk  EcJdnocorys.  The  discovery,  however,  of  some  frag- 
ments of  one  of  the  species  (A,  cubmsut)  in  some  beds  in  the  island 
of  St.  Bartholomew  referred  to  the  Eocene,  led  M.  Cotteau  *  to  regard 
the  Cuban  deposits  as  also  of  this  age.  Subsequent  authorities 
have  still  further  raised  the  horizon  in  the  geological  scale.  Thus 
Prof,  von  Zittel  *  places  the  genus  as  Miocene,  while  Sr.  M.  F.  de 
Castro '  puts  it  as  Miocene  or  Pliocene,  But  the  specimens  from 
St.  Bartholomew  being  mere  fragments,  perhaps  no  especial  value  need 
be  attached  to  them.  As  A.  ahruptus  and  A.  cubensis  are  both  fairly 
closely  allied  to  A,  hystrix,  one  \k  ould  be  inclined,  in  the  absence  of 
other  evidence,  to  follow  Sr.  de  Castro  and  simply  call  them  Upper 
Cainozoic.  To  whatever  age  the  Badiolarian  Series  be  ultimately 
referred,  the  Cuban  beds  will  probably  also  be  found  to  belong  to 
the  same  period  ;  the  lithological  condition  of  the  Echinoids  in  the 
two  islands  seems  identical. 

Prof.  W.  Dames  has  described  an  Oligocene  (Aquitanian)  species 
which  he  referred  to  PaUxopneusU^ ;  but,  as  the  anterior  ambulacrum 
is  well  developed,  it  must  belong  to  another  genus,  as  Duncan  had 
already  pointed  out. 

In  regard  to  the  depth  of  the  deposit,  A,  hystrix  ranges  down  to 
a  depth  of  208  fathoms;  it  is  thus  not  a  deep-sea  species,  nor,  even 
in  the  absence  of  any  such  data,  would  one  be  likely  to  regard  this 
thickly  plated  A,  abruptus  as  an  abyssal  form.  The  specimen  was 
found  on  Bissex  Hill,  towards  the  top  of  the  Oceanic  Series  ;  it  is 
from  the  same  horizon  as  some  Echinoid  spines,  fish-teeth,  simple 
corals  (as  yet  undetermined),  and  a  few  mollusca :  the  horizon  is 
towards  the  top  of  the  series,  but,  as  Bissex  Hill  is  an  outlier,  its 
exact  position  is  as  yet  undetermined.*  The  characters  both  of  the 
Echinoid  and  its  matrix  are  quite  different  from  those  of  the  deep-sea 
Cygtechinvs  d'osstis,^  Greg.,  from  another  part  of  the  series.  Arch{gO' 
pneustes  ah^ptus  seems  to  have  lived  after  the  close  of  the  period 
of  maximum  depression,  and  the  band  of  limestone  nodules  in  which 

^  *  Description  des  Echinides  Tertiaire*  de§  lies  St.  Barth^lemy  ct  AnguiUa/ 
HaDdl.  k.  Svenska  VeteTiBk.  Akad.  Bd.  xiii.  no.  6  (1875).  p.  46. 

*  *  Handbuch  der  Palaont>oloffie;  Bd.  i.  (Miinchen,  1879)  p.  53«. 

^  '  Pruehas  Paleontol6gica8  de  que  la  Isia  de  Cuba  ha  eetado  unida  al  con- 
tinente  Americano,  y  br^ve  idea  de  su  constitucion  geologica,'  Bol.  Com.  Mapa 
geol.  Espana,  t.  \iii.  (1^1)  p.  364. 

*  For  the  geology  of  the  locality,  see  J.  B.  Harrison  and  A.  J.  Jukes-Browne, 
*  The  Geology  of  Barbados,*  Salisbury  (1890),  pp.  24,  25. 

*  J.  W.  Gregory,  *Cygtechinus  crassus,  a  new  sp^ies  from  the  Radiolt^rian 
Marls  of  Barbados,  and  the  evidence  it  affords  as  to  the  age  and  origin  of  those 
deposits,'  Quart.  Journ.  Geol.  Soc.  vol.  xIt.  (1889)  pp.  61U-650. 
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it  occurs  may  mark  the  first  comparatively  shallow-water  deposit 
formed  on  the  rising  ocean-floor.^  This  Echinoid,  though  derived 
from  a  hed  included  in  the  Oceanic  Series,  does  not  itself  come 
from  an  oceanic  Radiolarian  marl,  and  therefore  is  in  no  way  opposed 
to  the  view  of  the  truly  abyssal  origin  of  those  deposits. 

EXPLANATION  OF  PLATE  IV. 

Figs.  1, 2,  &  3.  Arck<Bopneu8ie8  aJbruptus,  n.  sp.  ^  nat  size. — Fig.  1.  Abactinal 

view ;  Fie.  2.  Actinal ;  Fig.  3.  Lateral. 
Fig.  4.  Ambulacral  plates  from  the  anterior  zone  of  the  left  postero-lateral 

ambulacrum.     X4  diam. 
Fig.  5.  Left  postero-lateral  ambulacrum.    Nat.  size. 
Fig.  6.  The  peristome  of  Arch^eopneustes  cubetuU  (Cott),  from  a  sketch  by 

M.  Ootteau. 
Fig.  7.  The  peristome  of  Asteroetoma  excentricunit  Ag.  (after  d'Orbiguy). 


*  [Since  this  paper  was  read,  Messrs.  Jukes-Browne  and  Harrison  have 
microflcopically  examined  the  Bissex  Hill  limestone,  and  find  it  to  contain 
fragments  of  the  lower  beds;  this  is  a  further  proof  that  this  limestone  was 
formed  during  the  rise  of  the  deep -sea  deposits  into  shallower  water.  They 
therefore  propose  to  exclude  this  rock  from  the  Oceanic  Series.  But  as  the 
limestone  was  formed  far  below  the  limit  of  the  growth  of  reef  corals,  and  as 
the  small  fauna  from  this  bed  appears  to  be  composed  of  extinct  speciesi 
whereas  those  from  the  base  of  the  coral  reefs  are  all  recent,  they  arc  here  left 
iu  the  Oceanic  Series.— 23rd  Feb.,  1892.] 


IV  'J 
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16.  TJie  Geoloot  of  Barbados.  Part  II.  The  Oceahio  Deposits. 
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In  a  former  paper  we  described  the  raised  coral-reefs  of  Barbados ; 
we  now  offer  an  account  of  the  important  series  of  raised  oceanic 
deposits  which  form  part  of  the  solid  framework  of  the  island, 
beneath  its  comparatively  superficial  coating  of  coral-limestone. 

§  1.  General  Description  of  the  Deposits. 

(a)  Qeological  Position, — The  Oceanic  Deposits  form  a  group  or 
series  of  beds  which  is  clearly  marked  off  from  the  Scotland  Series 
below  and  the  Coral  Limestones  above.  They  do  not,  however, 
appear  as  a  continuous  band  between  the  other  two  formations, 
becAUse  the  elevation  of  the  island  from  oceanic  depths  was  accom- 
panied by  a  considerable  amount  of  faulting,  and  tracts  of  the 
Oceanic  Deposits  were  dropped  down  between  blocks  of  the  older 
Scotland  Series.  Waves  and  currents  then  formed  a  surface  of 
erosion  across  the  faulted  mass  before  the  corals  began  to  grow, 
and  consequently  the  reefs  rest,  not  only  on  various  parts  of  the 
Oceanic  Series,  but  in  many  places  directly  on  the  Scotland  Beds. 

The  unconformity  between  the  Oceanic  Deposits  and  the  Scotland 
'  Series  on  which  they  rest  is  as  dear  as  the  lithological  contrast 
between  the  two  formations  is  great.  The  older  series  has  been 
thrown  into  a  succession  of  folds  and  flexures  which  in  many  places 
amount  to  plications  and  contortions,  and  all  this  compression  waa 
accomplished  before  the  formation  of  the  Oceanic  Deposits,  which 
often  rest  on  the  edges  of  highly-inclined  or  vertical  strata.  In 
respect  of  colour  and  lithological  composition  there  could  hardly  be  a 
greater  contrast  than  that  which  exists  between  the  two  formations. 
The  older  series  was  evidently  laid  down  in  shallow  water  bordering 
a  large  land-area ;  it  consists  of  coarse  grits,  brownish  sandstones 
(coarse  and  fine),  mottled  clays  (grey,  brown,  and  yellow),  with 
several  hundred  feet  of  dark  sandy  clays,  in  places  saturated  with 
petroleum.    The  Oceanic  Deposits,  on  the  contrary,  consist  chiefly 
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of  fine  white  earths,  much  resembling  soft  chalk  in  general  ap- 
pearance, with  subordinate  beds  of  pink  and  yellow  clay  and 
occasional  layers  of  grey  pumiceous  sand  or  silt. 

(b)  Oeneral  Lithologtcal  Characters^ — Considering  the  small  extent 
of  the  area  over  which  they  are  exposed  and  the  moderate  thickness 
which  they  attain,  the  Oceanic  Deposits  are  remarkably  variable  in 
composition.  The  series  is  roughly  divisible  into  five  portions  or 
phases,  which  blend  one  into  another,  but  are  essentially  different 
in  lithological  character. 

The  first  phase  was  one  of  calcareous  deposits,  and  consists 
mainly  of  wlute  or  cream-coloured  earthy  limestones,  some  soft  and 
some  hard,  which  resemble  parts  of  the  Lower  Chalk  of  England 
and  France.  They  break  into  blocks  along  joint-planes,  which  are 
often  coated  with  black  oxide  of  manganese ;  they  contain  from 
60  to  80  per  cent,  of  carbonate  of  lime,  are  full  of  Glohigerina:  and 
other  oceanic  foraminifera,  and  have  a  fine  powdery  matrix  in 
which  coccoliths  and  certain  curious  crystalloid  bodies  are  often 
abundant. 

The  central  part  of  the  series  is  essentially  siliceous,  some  beds 
consisting  of  77  per  cent,  of  organic  silica  with  only  0*35  per  cent. 
of  calcareous  matter.  These  are  the  well-known  Infusorial  or 
Kadiolarian  Earths,  composed  almost  entirely  of  siliceous  organisms, 
— ^radiolaria,  diatoms,  and  sponge-spicnles,  the  broken  debris  of 
these  remains  forming  a  matrix  in  which  more  perfect  specimens 
are  scattered.  Associated  with  these  beds  are  layers  of  felspathic 
and  pumiceous  sand  or  dust,  and  some  of  them  are  rendered  gritty 
by  the  intermixture  of  such  material.  Other  beds  are  so  fine,  soft, 
and  slightly  consolidated  that  specimens  of  them  are  as  light  in  the 
hand  as  lumps  of  pumice.  Their  exposed  portions  are  generally 
^white,  though  below  the  surface  they  are  often  yellowish,  drab, 
pink,  or  streaked  with  these  colours. 

Above  these  siliceous  earths  is  a  second  band  or  zone  of  cal- 
careous material,  the  quantity  of  carbonate  of  lime  varying  from 
44  to  80  per  cent.  These  beds  are  generaUy  white  and  always 
contain  foraminifera  in  greater  or  less  abundance,  but  usually 
mixed  with  some  siliceous  organisms.  Manganese  is  often  present 
on  the  surfaces  of  the  joint-planes. 

Above  the  beds  last  mentioned  there  is  a  rapid  change  into  a 
mass  of  very  fine  argillaceous  earth,  red,  pink,  yellow,  white,  or 
mottled.  This  earth  seems  to  be  analogous  to  the  so-called  '  red 
day '  of  modern  oceanic  depths,  but  is  remarkable  in  never  con- 
taining more  than  a  trace  of  carbonate  of  lime.  A  few  fragments 
of  radiolaria  and  sponge-spicules  occur  in  this  earth,  and  it  would 
appear  to  have  been  formed  at  a  depth  where  no  calcareous  matter 
could  be  accumulated  ;  it  often  exhibits  hollow  spaces  (up  to  |  inch 
in  diameter)  which  appear  to  be  the  casts  of  small  manganese  no- 
dules, the  manganese  having  been  dissolved  away  and  the  space 
being  either  left  empty  or  filled  with  loose  powdery  earth. 

There  is  only  one  spot  in  the  island  where  we  can  be  certain  of 
the  occurrence  of  still  higher  beds  than  these  red  and  mottled 
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earths ;  this  locality  is  Mount  Hillahy,  where  they  are  overlain  by 
about  25  feet  of  grey  mudstoues  or  felspalhic  earths,  which  are 
mainly  composed  of  fine  Toloanic  dust. 

§  2.  The  Minute  Structure  op  the  Rocks. 

Samples  of  the  principal  varieties  of  the  Oceanic  Deposits  of 
Barbados  were  sent  to  Dr.  John  Murray,  F.RJ5.E.,  and  to  Mr.  ^^  . 
Hill,  F.G.S.,  while  samples  of  those  which  appeared  to  contain  much 
inorganic  mineral  matter  were  sent  to  Prof.  Bonuey,  E.R.S. ;  but^ 
his  time  being  fully  occupied,  they  were  handed  to  Miss  C.  A.  Raisin, 
B.Sc.,  who  kindly  undertook  to  examine  them.  • 

Dr.  Murray  wrote  to  us  in  September  1889  that  he  had  examined 
the  specimens  we  sent  him,  and  that  he  believes  "they  are  all 
deposits  formed  in  deep  water.  The  red  earths  are  very  like  some 
of  our  red  clays,  and  the  deposits  with  radiolaria  resemble  our 
radiolarian  oozes.  In  the  same  way  the  calcai-cous  deposits  resemble 
our  Olobigerina-ooAe^ ; "  and  in  a  later  letter  he  says  "  I  think  the 
specimens  could  be  identified  as  oceanic  clays  without  knowing  their 
association  with  marls,  but  it  would  be  difficult  to  fix  a  depth." 

This  is  brief  but  explicit  testimony  to  the  close  correspondence 
between  the  Barbadian  deposits  and  the  modem  oceanic  oozes.* 

To  Mr.  Hill  and  Miss  Raisin  we  are  indebted  for  full  reports  on 
the  specimens  submitted  to  them.  The  information  contained  in 
these  reports  is  now  presented  in  a  combined  and  condensed  form 
for  the  convenience  of  the  reader,  but  the  portions  furnished  by 
each  writer  are  carefully  indicated. 

Mr.  Hill  found  that  his  specimens  could  be  grouped  under  the 
following  heads:  (1)  Unmodified  earths  and  marls;  (2)  Silicified 
earths ;  (3)  Calcified  earths  or  oalcitic  limestones.  The  rest  fall 
under  the  heads  of  (4)  Pumiceous  deposits ;  (5)  Grey  mudstones ; 
(6)  Fine  days  or  argillaceous  earths. 

(1)  Unmodified  Earths  and  Marl*.— Mr.  Hill  repoits  as 
follows : — 

These  earthy  rocks  may  be  divided  into  calcareous,  calcareo- 
siliceous,  siliceo-calcareous,  and  siliceous,  according  as  the  cal- 
careous or  the  siliceous  constituents  predominate.  There  are  marked 
differences  between  the  ])urely  calcareous  and  the  purely  siliceous 
rocks.  Most  of  the  former  are  like  our  chalks,  dull  white  or 
greyish  pulverulent  limestones,  readily  soiling  fingers  and  clothes 
with  white  dust.  The  siliceous  rocks  are  lighter  in  weight,  and 
often  emit  a  tinkling  sound  like  coal-cinders  when  handled,  while 
the  finer  particles  do  not  readily  detach  themselves. 

The  following  is  a  list  of  the  specimens  examined.  The  locality 
and  position  of  each  are  given,  with  a  brief  account  of  the  leading 
characteristics  of  each  group  as  seen  in  thin  sections  under  the 
microscope  with  a  |-inch  objective. 

^  A  remark  to  the  same  effect  appears  on  p.  Txix  of  the  Report  on  the  Deep- 
sea  DepoeiU  of  the  '  ChaUenger '  Expedition,  1891. 
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(a)  ChalTcy  EartJis  and  Calcareous  Marls. 

Near  Codrington,  baseiuent  bed. 

Ganefield  estate,  basal  chalk. 

Clelaud  Hill,  uppermost  chalky  beds,  two  samples  5  &ad  10  feet 

below  the  coral- rock. 
Olton's  Cave,  44  feet  below  the  guily-floor    (sent  by  Mr.  E. 

Easton.  C.E.). 
Granular  marl,  from  the  knoll  at  the  top  of  Bisscz  Hill. 

All  these  appear  to  be  nearly  pure  foraminiferal  deposits,  though 
in  the  first  four  the  area  occupied  by  more  or  less  perfect  tests  is 
small  compared  with  that  occupied  by  tine  calcareous  material. 
This  fine  material  will  be  fully  described  in  the  sequel ;  it  forms 
the  matrix  in  which  the  larger  constituents  are  embedded.  In 
these  chalky  earths  the  predominating  foraminifer,  and  the  only 
form  visible  in  thin  sections,  is  a  Globigerina,  but  after  washing 
some  of  the  material  several  other  genera  and  species  were  found 
to  occur.  Radiolaria  are  rare,  but  a  few  sponge-spicules  can  be 
seen.     All  the  specimens  contain  a  few  mineral  grains. 

The  last  on  the  list  presents  different  characters.  It  has  a 
granular  aspect,  is  rather  light  in  weight,  greyish  buff  in  colour, 
and  having  little  cohesion  the  mass  breaks  down  on  slight  pressure. 
^Examined  in  thin  section  it  is  seen  to  consist  almost  eutirel}'  of 
Olobigerince,  their  tests  being  closely  crowded  together,  and  very  few 
other  forms  being  visible.  The  matrix  which  fills  the  interstices  is 
largely  composed  of  separate  calcite-crystals  of  irregular  shape.  A 
few  coccoliths  are  present,  and  a  small  quantity  of  inorganic  material, 
apparently  broken  felspar-crystals  and  volcanic  gl£iss. 

(b)  Calcareosiliceous  Marls. 

Pico  Teneriffe,  on  the  north-west  coast. 

Melvin's  Hill  (base). 

Airy  Cot,  base  of  Mount  Hillaby. 

Mount  Hillaby,  summit  of  southern  peak,  and  10  feet  below. 

Gieland  HiU.    No.  2.     Hard  chalk  above  basal  limestone. 

ClufTs  estate,  on  the  north  coast. 

The  rocks  occurring  in  these  six  localities  are  largely  calcareous, 
but  a  number  of  radiolarians  are  visible  in  all  of  them.  The  Pico 
Teneriffe  specimen  is  the  most  calcareous,  but  appears  weathered, 
and  foraminiferal  tests  are  more  faintly  outlined  than  usual.  In 
all  the  specimens  the  greater  part  of  the  calcareous  matter  is  very 
fine.  In  Cleland  Hill  and  duff's  few  foraminiferal  tests  can  be 
seen  in  section,  while  it  is  evident  that  many  forms  which  show 
strongly  are  radiolarians,  though  their  siliceous  skeleton  is  often 
obliterated  and  their  outline  only  is  preserved. 

All  contain,  especially  those  from  Mount  Hillaby,  Cluffs,  and  Mel- 
viA'fl  Hill,  minute,  angular  mineral-fragments,  the  largest  of  which 
measure  about  '02  mm.  in  their  longest  axis. 
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(c)  Siliceo-caleareous  Earih$. 

Castle  Grant,  lowest  beds,  No.  1 .  ' 

do.  do.         No.  2. 

do.  upper  beds.  ! 

Joe's  RiTer,  low  level. 

Ck>nset  Bay  gully,  near  the  base,  hard  chalky  bed. 
Conset  Bay  gully,  higher  beds. 
ChimborazOy  3  feet  under  red  clay. 

do.  middle  bed  in  road-cutting.  J 

Mount  Misery.  I 

Mouut  Hillaby,  20  feet  from  the  top  of  the  southern  peak.  1 

In  these  BpecimenB  entire  Biliceous  organisms  or  their  comminuted 
remains  preponderate,  so  far  as  one  can  judge  by  the  eye.  There 
is,  however,  a  considerable  variation  in  the  amount  of  perfect 
skeletons  which  can  be  recognized.  This  is  due  in  some  degree  to  a 
difference  in  the  character  of  tho  deposit.  Thus  in  the  Castle  Grant 
(lowest),  Mount  Misery,  and  Joe*s  Eiver  samples  few  entire  radio- 
larian  skeletons  can  be  noticed,  but  examination  of  the  finer  material 
shows  it  to  be  chiefly  radiolarian  debris,  with  a  small  amount  of 
calcareous  matter  and  fine  inorganic  particles.  In  the  rest,  some  of 
which  are  rather  more  calcareous,  entire  radiolarians  are  abundant 
and  foraminiferal  t-ests  few  and  far  between,  sponge-spicules  occur 
commonly,  and  in  all  there  are  angular  mineral-grains. 

(d)  Siliceous  EartJu, 
Loam  field  inlier. 
Burnt  Hill,  Conset  Bay. 
SprinffBeld. 

Chimborazo  (brown  band), 
do.         (No.  1). 

These  are  the  earths  from  which  the  well-known  rsdiolaria  of 
Barbados  are  extracted.  They  consist  entirely  of  radiolarians  and 
sponge-spicules  with  a  few  diatoms ;  there  are  no  recognizable 
calcareous  organisms,  but  a  few  small  calcareous  particles  can  some- 
times be  detected.  The  matrix  is  a  felted  mass  of  interlacing 
fragments  of  radiolaria  and  sponge-spicules,  and  is  therefore  very 
different  from  that  of  the  more  calcareous  earths.^ 

The  rocks  which  are  included  in  group  1  (a,  &,  e,  and  d)  do  not 
seem  to  have  undergone  much  change  since  their  deposition,  beyond 
a  certain  degree  of  consolidation.  This  is  especially  the  case  with 
the  more  purely  calcareous  (chalky)  and  the  purely  siliceous  earths. 
The  changes  which  have  taken  place  are  most  evident  in  those 
which  contain  both  calcareous  and  siliceous  organisms. 

When  thin  sections  of  these  mixed  deposits  are  compared,  it  is 
seen  that  the  radiolarian  form  becomes  most  easily  lost,  liadio- 
larians  are  not  readily  seen  in  chalky  sediments,  even  if  perfect, 
and  when  the  skeleton  becomes  filled  with  calcareous  material  «11 

^  [This  felted  structure  is  described  as  conspicuous  in  deeper  layers  of  the 
radiolarian  ooze  brought  up  from  4475  fathoms  in  the  North  Fadfio ;  nee 
'  Report  on  the  Deep-sea  Deposits/  Chall.  Exp.  p.  175.  In  the  interstices  of 
this  felted  matrix  way  be  seen  aggregations  of  minute  granular  particles 
which  resemble  those  shown  in  plate  xxvii.,  fig.  5,  of  the  same  Beport. — 
A.  J.  J.-B.,  Feb.  8rd.  1892.] 
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except  a  vague  outline  is  obliterated.  It  is  certaiii  also  that  in 
these  mixed  deposits  the  radiolarian  skeleton  either  enters  into 
solution  or  into  a  chemical  combination  with  the  surrounding  lime, 
and  that  the  silica,  in  a  form  not  visibly  acted  on  by  hydrochloric 
acid,  is  redeposited  in  the  interior  both  of  radiolarians  and  forami 
nifera.  Thus  in  the  calcareo-siliceous  earths  it  frequently  (not 
always)  happens  that  while  the  radiolarian  is  unmistakably  out- 
lined iu  the  thin  section,  the  siliceous  skeleton  has  disappeared,  its 
place  and  the  interior  of  the  original  test  being  filled  with  a  dear 
crystalline  material. 

Foraminifera,  on  the  other  hand,  are  nearly  always  well  pre- 
served ;  their  tests  lose  the  hyaline  appearance  of  living  or  recently 
dead  individuals,  and  become  impregnated  with  crystalline  carbonate 
of  lime,  but  retain  the  details  of  their  minute  structure.  It  is 
worth  noting  that  both  their  outline  and  structure  are  dearer  in 
mixed  than  in  purely  calcareous  deposits. 

(2)  Silidfied  ZUurths.  A  siliceous  limestone  from  the  base  of 
CUland  Hill. — In  hand-specimens  this  rock  looks  like  a  dense  hard 
white  limestone.  Examined  under  the  microscope  by  means  of 
thin  sections  it  is  seen  to  be  one  of  the  siliceo-calcureous  deposits, 
in  which  many  entire  radiolarians  can  be  recognized,  and  in  which 
foraminifera,  chiefly  Olobigerinas^  are  not  uncommon. 

There  is  also  much  fine  calcareous  matter,  and  to  the  eye  the 
character  of  the  rock  does  not  seem  to  differ  materially  from  the 
softer  siliceo-calcareous  deposits. 

By  treating  a  very  thin  slice  of  the  rock  in  a  solution  of  hydro- 
chloric acid,  though  there  was  a  strong  reaction,  the  slice  did  not 
break  down.  A  thin  section  of  the  remainder  showed  that  the  acid 
had  removed  a  large  part  of  the  calcareous  matter,  and  that  the 
rock  was  permeated  with  a  glassy  material  not  acted  on  by  the 
acid,  and  neutral  to  polarized  light.  The  tests  of  the  foraminifera 
are  partially  replaced  by  this  material,  which  has  also  penetrated 
the  foramina  and  the  interior  spaces  of  the  cells. 

Another  part  of  the  slice,  previously  treated  with  acid,  easily  dis- 
integrated in  a  heated  solution  of  caustic  potash. 

From  its  optical  and  chemical  properties  it  would  appear  that  the 
cementing  material  of  the  rock  is  of  the  nature  of  colloid  silica. 

Siliceous  Concretions. — In  the  siliceous  and  calcareo-siliceous 
rocks  there  occur  nodules,  some  of  which  in  their  general  appearance 
strikingly  remind  one  of  the  nodules  of  immature  chert  found  in 
the  Chalk  Marl  of  Wiltshire  and  in  the  Malmstone  of  Hampshire. 

The  nodules  which  bear  the  strongest  resemblance  to  flint  in 
their  appearance  and  fracture  are  from  the  Eadiolarian  Marl  of 
Springfield,  a  purely  siliceous  deposit. 

These,  when  examined  in  section  under  the  microscope,  are  seen  to 
have  been  formed  by  the  cementation  of  radiolarians  and  other 
siliceous  organisms  by  glassy  silica,  the  whole  being  neutral  to 
polarized  light.  There  is  no  reaction  when  a  thin  slice  is  treated 
with  hydrochloric  acid,  but  the  mass  disintegrates  in  a  heated 
solution  of  caustic  potash. 
Bluish  cherty  nodules  from  the  calcareo-siliceous  deposit  of  Castle 
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Grant  give,  on  the  other  hand,  a  decided  reaction  with  acid,  and 
thin  sections  under  the  microscope  show  that  foraminifera  and 
calcareous  particles  constitute  a  considerable  part  of  their  mass. 

By  treating  a  thin  slice  with  acid  the  result  was  very  similar 
to  that  obtained  in  the  case  of  the  Cleland  Hill  rock ;  the  slice 
did  not  break  down,  but  much  of  the  calcareous  element  was  re- 
moved, and  a  thin  section  of  the  remainder  shows  a  groundmass  of 
minute  particles  of  rather  irregular  shape.  These  appear  to  be  frag- 
ments of  the  organic  constituents  of  the  rock  soldered  together  by  a 
cement  of  glassy  material  which,  as  before,  has  penetrated  the 
tubules  and  the  interspaces  of  the  foraminiferal  cells.  Another 
part  of  the  slice  easily  disintegrated  in  a  heated  solution  of  caustic 
potash. 

Thus  it  would  seem  that  the  cementing  material  of  the  nodules 
is  of  the  nature  o'f  colloid  silica,  and  that  they  are  essentially- 
siliceous  concretions,  but  there  is  no  globular  colloid  silica  like  that 
which  so  often  accompanies  the  segregation  of  silica  in  the  English 
Cretaceous  rocks. 

(3)  Calcified  Earths. — A  sample  of  a  dull  yellowish  and  rather 
hard  rock  ten  feet  above  the  base  of  the  series  at  Bissex  Hill  was 
sent  to  Miss  Raisin,  who  reports  as  follows  : — 

This  rock  is  composed  partly  of  siliceous  organisms,  partly  of 
crystalline  calcife,  with  a  very  few  depolarizing  chips  of  minerals, 
within  an  indefinit>e,  amorphous  groundmass.  The  calcite  has  no 
connexion  that  I  could  observe  with  organisms,  except  a  chance 
adhesion  to  a  rudiolarian  test ;  and  it  is  almost  entirely  in  the  form 
of  rhombohedral  crystals.^  These  often  enclose  darker  central 
rhombohedra  which  have  apparently  been  formed  by  a  cessation  of 
the  crystalline  growth  and  the  deposit  of  a  dusty  layer  or  a  film  of 
sulphide  of  iron  over  the  surface  before  the  formation  of  the  calcite 
recommenced.  Occasionally  a  larger  crystal  has  a  small  projecting 
rhomb  appearing  like  an  accretion.  The  forms  of  the  calcite  and 
the  indication  of  its  intermittent  growth  suggest  quiet,  undisturbed 
formation  in  Htu  from  independent  centres,  but  it  is  difficult  to  say 
whether  they  wero  formed  during  the  deposition  or  during  the 
subsequent  consolidation  of  the  rock.  The  mineral  chips  are  very 
few  and  are  all  angular  (averaging  '02  mm.  in  diameter)  ;  they 
include  a  few  broken  fragments  of  brownish  volcanic  glass,  some 
felspar,  and  probably  mica.  They  give  but  little  clue  to  the  mode 
of  origin  of  the  rock,  but  on  the  whole  it  is  most  probable  that  they 
were  transported  through  the  air  to  a  sea  on  the  floor  of  which 
radiolarian  tests  were  accumulating. 

(1)  Bissex  Hill,  basal  bed  at  the  north  end  of  the  outlier. 

(2)  do.     do.  grey  limestone  in  the  road  about  60  feet  from 

the  top  of  the  hill  (S.W.  side). 

(3)  do.     do.  by  tbe  roadside  on  tbe  N.E.  side  of  the  hill. 

These  were  examined  by  Mr.  HilJ.     They  are  all  hard,  bluish- 

^  Compare  the  structure  of  the  *  Coral  (?)  Mud,  Codrington  College/  de- 
scribed by  Mr.  Hill  in  his  Appendix  to  our  first  paper,  p.  247.  vol.  xKii.  of 
this  Journal.  Possibly  the  calcite  grains  in  this  mud  were  derived  from  th« 
erosion  of  calcified  Oceanic  Deposits,  and  not  from  the  detrition  of  coral-reel's. 
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jfrey  crystalline  limestones,  rarying  in  depth  of  tint.  In  thin 
sections  that  which  may  be  called  the  matrix  is  seen  to  be  granular 
crystalline  calcite ;  the  texture,  however,  varies,  some  parts  being 
coarser  than  others,  and  in  all  there  are  ramifying  veins  and 
patches  of  clear  crystalline  calcite.  These  veins  not  unfrequently 
contain  clearly  defined  foraminifera  and  radiolaria,  a»  well  as  small 
accumulations  of  minute,  angular  mineral  chips  such  as  are  met 
-with  sparingly  throughout  the  rock. 

These  rocks  appear  to  be  earths  which  have  been  rendered 
CTj-stalline  by  the  infiltration  of  calcite.  The  two  former  were 
originally  caleareo-siliceous  earths,  for  both  foraminifera  and  radio- 
laria are  still  discernible  in  the  less  altered  parts.  The  last 
must  have  been  almost  entirely  siliceous,  for  no  foraminifera 
irere  noted,  and  about  one  third  of  the  slice  examined  consists 
of  inoi^nic  material.  The  slide  was  therefore  sent  1o  Miss  Raisin, 
who  found  the  mineral  fragments  were  chiefly  pumice  and  felspar, 
'with  a  few  pieces  of  brown  glass,  and  one  or  two  grains  which 
might  posjsibly  be  quartz.  There  is  one  piece  of  vesicular  pumice, 
infiltrated  with  calcite,  which  is  of  unusual  size  (about  1  mm.  in 
length) ;  also  a  large  clear  felspar  which  has  a  twinned  structure, 
and  contains  negative  crj'stals  elongated  along  the  planes  of  the 
felspar. 

The  minuter  elements  of  the  Barbados  Rocks. — 
Mr.  Hill  contributes  the  following  remarks: — When  the  finest 
material  of  the  Barbados  earths  is  examined  under  the  micro- 
scope  with  high  powers,  say  -j^inch  objective,  much  of  it  can 
be  recognized  as  foraminiferal  or  radiolarian  debris,  but  much  also 
consists  of  particles  derived  apparently  from  neither  of  these 
sources,  and  a  proportion  is  in  so  fine  a  state  of  subdivision  that  it 
affords  no  clue  to  its  derivation. 

(a)  Calearfovs  Earths, — By  breaking  up  a  small  fragment  of  the 
most  calcareous  earths,  e,  g.  the  Canefield  Chalf  ,  in  water,  that 
wrhich  sinks  readily  to  the  bottom  is  chiefly  foraminiferal  debris, 
but  50  per  cent,  of  that  which  remains  suspended,  after  half  a 
minute  has  elapsed,  will  be  found  to  consist  of  bodies  which  answer 
to  the  descriptions  given  by  Prof.  Huxley,^  Dr.  Sorby,"  and  others 
of  the  coccoliths  and  crystalloids  of  the  English  Chalk  and  Atlantic 
oozes,  and  a  large  part  of  the  remainder  may  be  referred  to  frag- 
ments of  such  bodies.  There  are  two  types — oval  and  stellate,  with 
some  variety  in  size  and  ornamentation. 

The  oval  forms  (see  next  page,  figs.  7,  8,  and  9)  are  larger,  but 
agree  generally  with  the  description  given  of  the  coccoliths  of  the 
Suglish  Chalk  and  Atlantic  ooze.  They  are  usually  convex  in  shape, 
and  many  have  the  duplicate  structure  described  by  Prof.  Huxley  as 
somewhat  like  a  shirt-stud.  They  consist  of  a  central  disc,  which 
is  sometimes  granular  in  appearance  and  sometimes  in  the  larger 
forms  ornamented  by  an  irregularly  shaped  cross  (fig.  7),  but  more 

^  Huxley,  '^Deep-sea  Soundings  in  the  N.  Atlantic  Ocean  made  in  H.M.S. 
Cyclops/  Appendix  to  Admiralty  Report,  1858. 

'*  Sorby,  •  On  the  Organic  Origin  of  tbe  so-called  Crystalloids  of  the  Cbalk/ 
Ann.  k  Mag.  Nat.  fliat.  toL  Tiii.  (1861)  p.  Id3. 
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usually  by  an  elongate  nuclear  spot  (fig.  8).  Around  the  disc  is  a 
broad  marginal  rim,  in  width  neaily  one  third  that  of  the  organism, 
made  up  of  concentric  rings.  This  rim  is  ornamented  in  the  larger 
coccoliths  by  radiating  striae,  or  ribs,  and  occasionally  around  the 
centre  of  the  rim  are  minute  bead-like  elevations  (see  fig.  7). 
The  smallest  {dg,  9)  have  a  more  circular  outline,  and  have  only  a 
central  spot  and  a  rim  without  ornamentation.  The  largest  oval 
form  measured  was  '023  mm.  in  it«  longest  diameter. 

The  stellaite  bodies  (figs.  1-6)  consist  of  rays  which  emanate  from 
a  common  centre,  in  number  from  five  (rarely  three)  to  sixteen, 
and  between  these  extremes  every  variation  occurs,  the  most 
common  forms  being  those  of  eight  to  twelve  rays.     In  those  which 


Explanation. 

f!^  7.t  9^  cSit }  ^~"'  *•  -^-^y  O***"'"  »»P«'''  »'  ^^''^ 
Fig.  5  illuatrstes  the  appearance  of  (4)  and  (6)  when  viewed  edgeways. 

have  the  smallest  number  the  rays  are  shaped  like  elongated 
parallelograms  (fig.  1)  arranged  on  a  common  base;  they  occa- 
sionally bifurcate  at  their  summits  (fig.  2).  This  latter  peculiarity 
is  rare  in  the  calcareous  earths,  but  occurs  commonly  in  the  fora- 
miniferal  muds  to  be  hereafter  noticed. 

With  the  increase  in  number  the  ray  becomes  more  acutely 
pointed  and  the  interval  between  each  is  filled  up :  the  result  is  a 
rosette-like  disc,  with  serrated  outline  and  radiate  ornamentation 
corresponding  to  the  number  of  the  rays  (figs.  4  and  6).  The  centre 
has  then  on  one  side  a  nuclear  spot,  not  seen  .in  those  with  few  rays, 
and  on  the  other  the  centre  is  produced  to  a  kind  of  stalk,  in  length 
about  half  the  diameter  of  the  disc  (see  fig.  #5),  the  whole  when 
seen  edgeways  reminding  one  of  a  short  or  broken  tintack ;  the 
ornamentation  of  the  disc  appears  to  be  carried  towards  the  summit 
of  the  stalk  as  ribs  or  fiutings.  The  largest  of  these  measured 
'015  mm.  in  diameter.  These  stellate  bodies  are  exceedingly 
abundant  in  the  calcareous  Oceanic  Deposits  of  Barbados,  and  play 
almost  as  important  a  part  in  the  formation  of  those  deposits 
as  the  often-described  coccolith. 

Although  one  variety  with  six  rays  (dg.  2)  certainly  occurs  in  the 
Atlantic  ooze  and  one  very  similar  in  the  muds  from  West  Java, 
they  do  not  appear  to  have  attracted  special  attention.     Dr.  Sorby, 
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iu  his  paper  on  the  '  So-called  Crystalloids  of  the  Chalk,' ^  descrihes 
a  form  somewhat  analogous  to  those  of  the  Barbados  deposits,  and 
Ehrenberg  figures  as  '  Krystaldrusen '  from  the  Chalk  of  Upper 
Egypt  and  Lebanon  forms  which  closely  resemble,  if  they  are  not 
identical  with,  the  rosette-shaped  discs  described  above.* 

These  stellate  bodies  do  not  appear  to  retain  their  individuality 
so  long  as  the  ordinary  coccolith,  but  are  apt  to  become  obscured 
by  the  deposition  of  calcite.  In  those  which  have  but  few  rays  this 
seems  to  commence  between  each  ray,  giving  the  edges  at  first  a 
ragged  appearance,  and  finally,  as^in  the  case  of  the  Plumtree  Gully 
specimen  (p.  217),  obliterating  the  crystalloid  altogether. 

Coccolitiis  also  show  an  augmentation  of  their  mass  by  the 
deposition  upon  them  of  calcite,  but  it  seems  to  form  along  the 
striae  or  ribs  which  ornament  the  rim.  Then,  while  coccoliths  give* 
a  black  cross  when  viewed  with  polarized  light,  the  stellate  bodies 
vary  under  its  action,  in  some  cases  remaining  neutral  while  in 
others  there  is  a  decided  reaction,  a  difference  which  seems  to  occur 
in  all  forms. 

Both  are  destroyed  by  treatment  with  a  weak  solution  of  acid. 

(b)  Siliceous  Ri>c1cs, — Turning  now  to  the  siliceous  deposits,  the 
finest  portion  of  these  may  be  recognized  as  the  comminuted  remains 
of  radiolarians,  diatoms,  and  sponge-spiculefi.  As  these  remains 
embrace  a  vast  variety  of  forms  it  is  impossible  to  individualize  the 
fragments,  though  many  bear  structural  evidence  of  their  derivation. 
It  is  interesting  to  note  that  coccoliths  and  stellate  crystalloids  are 
entirely  absent  in  purely  radiolarian  deposits. 

In  those  rocks  which  are  partly  calcareous  and  partly  siliceous 
the  finest  material  is  a  mixture  of  calcareous  forms  and  particles 
with  the  debris  of  siliceous  organisms. 

Comparison  with  the  English  Chalk. — We  specially 
desired  to  have  Mr.  Hill's  opinion  on  this  point.  He  finds  that  the 
calcareous  and  calcareo-siliceous  earths  of  Barbados  may  be  com- 
pared with  the  Grey,  Middle,  and  Upper  Chalk  of  England,  which 
they  resemble  in  having  a  matrix  of  very  fine  calcareous  material 
(many  of  the  minuter  particles  being  of  a  definite  and  similar 
shape),  in  which  are  distributed  numerous  foraminiferal  tests  and 
cells.  The  two  deposits  are  the  result  of  an  accumulation  of  similar 
organic  material  and  exhibit  the  same  lithological  peculiarities,  so 
that  the  name  Chalk  is  equally  applicable  to  both,  but  no  Barbados 
Chalk  can  be  said  to  agree  specimen  for  specimen  with  that  from 
any  particular  horizon  in  England. 

Examined  and  compared  by  means  of  thin  sections,  Barbados 
Chalk  differs  from  English  Chalk  as  follows : — 1,  in  the  entire 
absence  of  the  shelly  fragments  of  moUuscs  and  echinoderms ; 
2,  in  the  presence  of  recognizable  radiolarian  remains ;  3,  in  the 
greater  thickness  of  the  cell-walls  of  the  foraminiferal  tests  and  in 
the  clearer  details  of  their  minute  structure ;  4,  in  .the  greater 
size  and  abundance  of  the  coccoliths  and  crystalloids;  5,  in  the 

^  Ann.  k  Mag.  Nat.  Hist.  yol.  viii.  (1861)  p.  107,  figB.  3  &  4. 

^  Ehreaberg,  *  Mikro-geol.'  pi.  rxiv.  figs.  66,  67  a,  pi.  xxv.  figs.  12-15  B. 
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presence  of  angular  mineral  chips  or  grains,  and  o!  more  minute  in- 
organic particles  which  differ  from  those  usually  met  with  in  our 
Chalk ;  6,  in  the  larger  proportion  of  the  minuter  particles  which 
can  be  resolved  by  high  powers  and  are  directly  suggestive  of  deri- 
vation from  foraminifera,  siliceous  organisms,  coccoliths  or  crystal- 
loids. These  particles  present  a  different  appearance  from  that  of 
the  minute  crystals  of  calcite  which  occur  in  the  English  Chalk. 

As  in  the  English  Chalk,  the  perfect  or  nearly  perfect  tests  of 
foraminifera  occupy  a  small  area  when  seen  in  sections. 

ComparUon  with  the  White  Limestone  of  Jamaica. — 
As  mentioned  in  a  former  repor£  by  Mr.  Hill,  certain  partf  of  the 
White  Limestone  of  Jamaica  appear  to  be  of  oceanic  origin. 

A  specimen  obtained  from  Hanover  County  was  kindly  sent  me 
•  by  Col.  Eeildcn,  and  another,  already  mounted  as  a  microscope 
slide  by  Messrs.  Watson,  has  been  obtained  tor  comparison. 

Both  agree  very  closely  with  the  calcareo-silieeous  section  of  the 
Barbados  Oceauic  Deposits.  The  specimen  sent  by  Col.  Feilden  is 
harder  and  more  crystalline  than  many  of  the  oceanic  *  earths,'  but 
will  compare  in  this  respect  with  the  siliceous  limes t-one  at  the  base 
of  Clehind  Hill.  Thick-shelled  GhbigerincF,  similar  to  those  of 
the  Barbados  rocks,  are  conspicuously  abundant,  and  one  or  two 
radiolarians  can  be  seen  in  outline. 

(4)  Pamiceona  Earths. — Miss  B^isin  reports  that  these  eon* 
tain  very  few  organisms  and  consist  mainly  of  volcanic  materialA, 
the  particles  of  which  vary  from  *05  to  over  1  mm.  India  meter. 

(1)  Ga«tle  Grant,  middle  gritty  beds. 

(2)  Melvin's  Hill,  a  light  grey,  slightly  coherent  sand. 

In  the  first  specimen  the  mineral  chips  are  mostly  felspar,  often 
in  broken  crystals  and  exhibiting  multiple  twinning,  but  there  are 
numeroiis  flakes  of  clear  pumiceous  glass,  and  two  or  three  large 
pieces  of  mica.  The  groundmass  consists  of  fine  argillaceous 
material. 

The  second  consists  mainly  of  flakes  and  splinters  of  clear  colour- 
less pumice,  many  of  these  exhibiting  the  usual  vesicular  structure 
with  rounded  or  *  pipy '  cavities.  There  are  a  few  chips  which 
appear  to  be  felspar,  occasionally  twinned  and  often  broken  crystals. 
Some  rndiolarian  tests  also  occur. 

(5)  Grey  Mndstones. — These  were  examined  by  Miss  Baisin« 

(1)  Mount  Hillaby,  10  feet  from  top  of  northern  peak. 

(2)  do.  5  feet      do.        do.        do. 

In  the  above  specimens  a  gelatinous  or  argillaceous  substance 
forms  the  groundmass,  in  which  are  scattered  small,  angular  mineral- 
fragments  and  a  few  radiolaria,  but  there  is  no  calcareous  matter. 
Many  of  the  minerals  are  broken  crystals,  and  they  suggest  the 
characters  of  fine  volcanic  dust. 

In  the  first  some  particles  are  probably  felspar,  some  may  be 
mica,  and  there  is  one  ruther  large  grain,  somewhat  rounded,  which 
is  probably  quartz  (diam.  1  mm.). 

In  the  second  tlie  particles  are  chiefly  angular,  but  include  a  few 
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pieces  of  pumice  and  some  brownish  spheres,  which  may  have 
resulted  from  the  alteration  of  glauconitic  casts  of  foraminifora. 

(6)  Fine  Clays. — These  are  the  argillaceous  earths  mentioned 
on  p.  171  as  similar  to  modern  oceanic  '  red  clays/ 

(1)  Hillaby  estate,  a  pale  yellow  earth. 

(2)  Oafltle  Qrant,  a  pink  earth. 

(3)  Ganefield,  a  red  earth. 

Miss  Raisin  reports  that  these  consist  mainly  of  a  fine  amor- 
phous argillaceous  substance,  in  which  are  some  very  minute 
mineral  fragments  ('005  to  *030  mm.  in  diameter) ;  organisms  are 
scarce,  but  occasionally  a  spicule,  a  broken  radiolarian  test,  or  a 
foraminiferal  cast  ('025  mm.  or  less)  is  seen. 

The  mineral  fragments  can  seldom  be  identified,  but  the  general 
form  of  many  is  suggestive  of  felspar.  They  are  mostly  angular  and 
often  mere  crystal-8hai>ed  specks.  In  the  Canefield  and  Hillaby 
earths  are  some  small  particles  of  an  opaque  metallic  oxide  (probably 
black  oxide  of  iron)  with  an  aggregate  and  somewhat  crystal-like 
form,  as  if  developed  in  situ. 

General  Remarks  on  the  Inorganic  Constituents  of  Groups  4,  5, 
and  6. — With  reference  to  the  pumiceous  earths  (4)  and  the  grey 
inudfltones  (5),  Miss  Aaisin  observes  that  the  general  appearance 
of  the  mineral  fragments  in  these  rocks  agrees  very  well  with  the 
idea  of  a  volcanic  origin.  They  are  seldom  rounded,  but  generally 
quite  angular,  and  consist  of  broken  chips  of  fresh-looking  minerals. 
Sxcept  tiiat  they  are  smaller,  they  are  not  unlike  the  particles  in 
the  fine  felspathic  dust  erupted  from  Cotopaxi,^  and  those  of  the 
volcanic  dust  which  fell  on  Barbados  in  May  1812.^  The  latter, 
however,  includes  a  fair  amount  of  pale  greenish  pyroxene.  Pumice, 
too,  is  much  more  abundant  in  some  of  the  Barbados  rocks. 

It  would  appear  that  the  falls  of  felspathic  and  pumiceous  dust 
sank  through  the  water  and  mingled  with  the  oozes  which  were 
accumulating  on  the  ocean-fioor. 

The  fine-grained  coloured  clays  or  argillaceous  earths  were  com- 
pared with  two  samples  of  'red  clay'  from  the  Atlantic,  but 
unfortunately  neither  of  these  were  pure  *  red  clays,'  both  samples 
containing  much  calcareous  matter. 

One  of  them  (from  lat.  24°  20'  N.,  long  24^28'  W.,  2740  fathoms, 
supplied  by  Dr.  J.  Murray)  is  very  calcareous  ; '  fragments  of  shell, 
foraminifera,  and  apparently  coccoliths  occur,  with  one  or  two 
rhombohedral  particles  bearing  some  resemblance  to  the  rhombo- 
hedral  calcite  of  Bisser  Hill.  This  deposit  has  many  angular 
crystalline  fragments  often  too  minute  to  be  identified  with  cer- 
tainty, but  doubtless  in  many  cases  felspar;  it  has  also  indefinite 

^  Slides  of  this  dust:  were  kindly  lent  by  Prof.  Bonney. 

^  A  sample  of  this  fall  of  dust  was  supplied  by  Prof.'Harrison. 

^  [It  appears  from  the  account  given  of  this  sample  in  Dr.  Murray's  Beport 
on  the  Deep'sea  Deposits  that  it  was  one  from  which  all  the  finest  silty  part  of 
tlie  materiiu  bad  been  previously  washed  away,  leaving  a  residue  which  was  far 
richer  in  carbonate  of  lime  than  the  original  deposit.  It  was  not  therefore 
suitable  for  our  purpose.— A.  J.  J.-B.,  March  21dt,  1892.] 
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agglutinations  partly  argillaceous,  with  some  opaque  granules  of 
iron  or  manganese  oxide.  Some  chips  of  hornblende  or  augite  can 
be  identified,  and  occasionally  a  fragment  which  may  be  a  greenish 
glass  or  possibly  a  flake  of  biotite. 

The  other  slide  (kindly  lent  by  Prof.  Bonney)  waa  from  a  depth  of 
2700  fathoms  near  St.  Helena.  This  material  is  equally  fine,  with 
the  same  aggregations  and  the  same  very  minute,  angular  mineral 
chips,  but  coccoliths  are  certainly  present  and  in  large  numbers. 

It  is  evident  that  there  is  much  similarity  between  these  Atlantic 
'red  clays'  and  the  argillaceous  earths  of  Barbados,  the  special 
points  of  resemblance  being  the  minuteness  of  the  constituents,  the 
angularity  of  the  mineral  particles,  the  presence  of  many  fragments 
of  felspar  or  of  a  felspar-like  mineral,  and  the  rarity  of  particles 
which  can  be  recognized  as  quartz. 

When  a  marine  clay  formed  in  water  of  less  depth,  such  as  the 
Gault,  is  compared  with  these  a  certain  amount  of  similarity  is 
seen.  There  are  many  angular  fragments,  some  very  minute,  in 
an  argillaceous  base  ;  but  most  of  the  grains  are  more  rounded  and 
at  least  subangular,  quartz  is  more  abundant,  and  many  of  the 
felspar-fragments  are  larger  and  show  indications  of  decomposition.* 

§  y.  The  Chemical  Composition  of  the  Bocks. 

The  samples  taken  for  analysis  were  in  all  cases  drawn  from 
large  quantities  of  the  rocks  selected  in  the  field  to  represent  as 
closely  as  possible  their  average  composition,  so  that  the  analyses 
indicate  the  general  composition  of  the  local  deposits,  and  not  that 
of  small  samples  which  may  or  may  not  be  truly  representative 
of  the  beds  under  examination.  We  regard  this  as  a  matter  of 
great  importance,  and  consequently  have  spared  no  pains  to  effect 
our  object. 

In  the  material  of  the  Oceanic  Deposits  the  main  interest  lies  in 
the  existing  proportions  of  calcium  carbonate,  of  colloid  silica,  of 
clay  (silicates  of  alumina  and  iron  not  decomposable  by  cold  dilute 
hydrochloric  acid),  and  of  quartz.  The  following  is  the  method 
adopted  with  the  view  of  determining  as  accurately  as  possible  the 
colloid  silica  present  as  such  in  the  rocks,  and  of  avoiding  that  de- 
composition of  some  of  the  silicates  present  which  necessarily 
ensues  when  clays  or  marls  are  treated  with  hot  concentrated 
mineral  acids,  a  result  which  leads  to  an  over-estimate  of  the 
amount  of  colloid  silica  and  to  an  under-estimate  of  the  clay. 

The  samples  were  all  analysed  in  the  air-dried  state,  but  the 
results  have  been  calculated  so  as  to  show  the  composition  of  the 
rocks  free  from  hygroscopic  water.  They  were  reduced  to  very 
fine  powders  in  an  agate  mortar,  and  two  quantities  of  from  four 
t/O  five  grammes  each  were  separately  treated  with  dilute  (2j  7o) 
hydrochloric  acid  in  the  cold  (3<J°  C).     After  the  acid  in  the  first 

^  These  remarks  are  confirmed  by  the  descriptionB  of  the  mineral  particles 
of  '  red  clay '  and  *  blue  mud '  in  Dr.  John  Murray's  *  Beport  on  the  Deep-sea 
Deposits'  (see  pp.  196  and  231),  1891. 
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poridon  (A)  ceased  to  attack  the  sample  it  was  removed  by  elatria* 
tion  and  filtration,  the  insoluble  residue  heated  in  a  water-bath  for 
several  hours  with  a  strong  solution  of  sodium  carbonate  to  which 
Bome  caustic  soda  had  been  added,  and  washed,  with  the  assistance 
of  a  Bunsen's  pump,  (1)  with  the  same  solution,  (2)  with  water, 
and  (3)  with  dilute  hydrochloric  acid.  The  residues  obtained  were 
dried,  ignited,  and  weighed,  and  consisted  of  the  clay  and  of  other 
siliceous  minerds.  After  weighing,  this  residue  was  reduced  to  an 
impalpable  powder  in  an  agate  mortar,  and  a  weighed  portion  boiled 
repeatedly  with  strong  sulphuric  acid  until  the  clay  was  completely 
decomposed.  The  excess  of  acid  was  then  driven  off  and  the  residue 
beated  with  dilute  hydrochloric  acid  to  dissolve  the  basic  sulphates 
of  alumina  and  iron  formed,  and  after  removal  of  the  dissolved 
portions  it  was  heated  with  a  solution  of  sodium  carbonate  to  dis- 
solve the  silica  set  free.  The  final  residue,  after  being  washed  and 
i^ited,  consisted  only  of  crystalline  siliceous  minerals,  and  in  the 
majority  of  cases  only  of  quartz. 

The  solution  obtained  from  the  second  portion  (B)  was  evaporated 
to  dryness  and,  as  well  as  the  undissolved  matters,  kept  at  a  tem- 
perature of  from  120°  to  130°  C.  for  an  hour  or  longer  to  render  all 
-the  silica  insoluble  in  water.     The  residue  and  undissolved  matter 
■were  treated  with  warm  hydrochloric  acid,  taken  up  with  water, 
filtered  and  washed.     The  residue  from  that  was  dried,  ignited,  and 
iiv^eighed,  and  consisted  of  the  colloid  silica  originally  present,  of  a 
small  quantity  of  colloid  silica  arising  from  the  decomposition  of 
certain  hydrous  silicates  present  in  the  rocks  in  smcill  quantity,  and 
of  the  clay  and  other  siliceous  minerals.    The  difference  between  the 
proportions  of  this  and  of  the  day  and  siliceous  minerals  as  deter- 
mined in  sample  (A)  gave  the  amount  of  colloid  silica  present.    The 
alumina,  iron  peroxide,  &c.,  were  determined  in  the  hydrochloric 
acid  solution  from  (B)  by  the  usual  methods,  and  the  carbonic  anhy- 
drides in  another  portion  of  the  sample.     At  first,  acetic  acid  was 
used  as  the  solvent ;  but  doubts  arising  as  to  its  partially  attacking 
certain  zeolitic  minerals  present,  it  was  decided  to  use  hydrochloric 
acid  and  to  estimate  the  small  quantity  of  silica  set  free  from  these 
minerals  as  colloid  silica.     As  this  was  probably  derived  originally 
from  siliceous  organisms   the  method  may  be   considered   fairly 
accurate.     Where  the  colloid  silica  was  principally  present  in  an 
amorphous  form,  as  in  the  foraminiferal  chalks,  it  entered  into 
solution  with  far  greater  ease  and  rapidity  than  when  it  was  in  the 
form  of  remains  of  siliceous  organisms,  when  it  not  unfrequently 
offered  considerable  resistance  to  solution.     Is  this  difference  in  the 
solubility  of  the  silica  due  to  differences  in  its  state  of  hydration  or 
to  purely  molecular  causes  ? 

The  samples  of  argillaceous  earths  and  of  volcanic  sands  and  mud- 
stones  were  examined  by  the  methods  of  analysis  usually  employed 
for  clays  and  for  siliceous  minerals,  the  soluble  silica  present  being 
determined  as  described.  In  these  samples  the  alkalies  were  separ- 
rately  determined,  whilst  in  the  other  samples,  as  they  were  deter- 
mined by  difference,  the  errors  of  analysis  faU  upon  tibem.  In  the 
aJ.G.S.  No.  190.  0 
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fiazDples  of  pumiceous  material  it  was  of  some  importance  to  deter- 
mine the  amounts  of  quartz  present,  and  as  the  relatively  large 
quantities  of  pumiceous  and  crystaUine  silicates  present  could  not 
be  completely  decomposed  by  boiling  sulphuric  acid,  this  was  done 
by  fusing  the  finely  powdered  sample  with  a  considerable  excess  of 
microcosmic  salt,  which  decomposed  the  silicates  without  appreciably 
attacking  the  quartz.  The  fused  mass  was  dissolved  in  water,  and 
the  residue  boiled  with  sodium  carbonate  solution  and  with  hydro- 
chloric acid,  when  the  portion  not  dissolved  consisted  only  of  the 
quartz  present.  This  method  is  easily  and  rapidly  executed,  and 
was  found  to  be  an  excellent  one  for  the  treatment  of  igneous 
rocks  in  which  quartz  may  be  present  in  too  small  proportion  for 
certain  identification  by  microscopic  examination  only. 

In  all  cases  the  final  residues  of  crystalline  silica  left  were 
examined  microscopically,  and,  if  found  impure,  the  treatment  with 
sulphuric  acid  and  alkaline  carbonate  or  with  microcosmic  salt  was 
repeated. 

For  purposes  of  analysis  the  rocks  of  the  Oceanic  Deposits  may  be 
conveniently  classed  as  follows : — the  lower  and  upper  foraminif eral 
beds  (chalks),  the  calcareo-siliceous  rocks,  the  pure  radiolarian 
marls,  the  argillaceous  earths,  and  the  layers  of  volcanic  mat-erisL 
These  divisions  are  purely  arbitrary,  as  the  various  beds  pass  by 
imperceptible  gradations  from  one  to  another.  Using  Haeckel's 
classification,^  we  have  foraminif  eral  rocks  passing  through  mixed 
radiolarian  to  pure  radiolarian  rocks,  and  these  again  passing  through 
radiolarian  clays  to  red  clay.  Similar  gradual  changes  in  chemical 
composition,  &c.,  apparently  characterized  the  samples  of  deep-fiea 
deposits  obtained  in  the  '  Challenger '  Expedition. 

In  the  tables  given  the  samples  are  arranged  in  order  of  geogra- 
phical position,  proceeding  from  the  south  northwards. 

(a)  The  Lower  arid  Upper  Faraminiferal  Beds — Chalks  and  Lvme- 
stones. — These  beds  show  a  wide  range  of  composition,  and  are 
characterized  by  the  colloid  silica  in  them  being  diffused  through 
the  mass,  the  remains  of  siliceous  organisms  seldom  occurring. 
From  the  analyses  it  will  be  noticed  that  the  colloid  silica  varies  in 
amount  from  about  1  to  25  per  cent. ;  the  day  from  3  to  13  per 
cent. ;  and  the  calcium  carbonate  from  45  to  88  per  cent.,  being,  as 
might  be  expected,  highest  in  the  crystalline  limestones,  where  it 
generally  occurs  as  a  cementing  material  of  crystalline  calcite; 
but  in  the  case  of  the  Gleland  Hill  rock  the  cement  is  siliceous. 
Manganese  peroxide  is  present  in  many  of  the  samples,  as  black 
streaks  and  coatings  and  as  minute  spherules.  Most  of  them  contain 
small  amounts  of  zeolitic  minerals  and  only  minute  amounts  of 
quartz. 

^  '  ChftUenger*  Beports,  vol.  XTiii.  purt  i.  BadioUuia,  p.  dxix. 
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The  analyses  of  oceanic  foraminiferal  oozes  to  which  we  haTB 
access  are  those  on  pages  369-381  of  the  second  volume  of  *The 
Voyage  of  the  '  Challenger/  *  These,  rearranged  from  the  figures 
there  given  so  as  to  be  more  easily  comparable  with  ours,  are  as 
follows : — 


Number  of  sample 
Depth  in  fathoms  . 

Loss  CD  ignition  

Olav,  quartz,  &o 

Colloid  silica    

Iron  peroxide  and  alumina 

Calcium  phosphate 

Calcium  sulphate     

Calcium  carDonate  

Magnesium  carbonate     .... 


1 

2 

ii 

12 

19 

1890 

1945 

I960 

2325 

1420 

7-91 

6-02 

4-68 

417 

3-80 

1902 

12-08 

4-60 

8-33 

3-46 

1210 

9-08 

4-60 

916 

414 

9-21 

7-41 

3-33 

6-25 

442 

trace 

trace 

112 

trace 

2-41 

•44 

•69 

1-20 

1-91 

•41 

6000 

64-65 

7917 

67*60 

80-69 

1-32 

117 

1-40 

2-68 

•68 

100-00 

100-00 

1 

100-00 

100-00 

lOOOO 

The  variations  in  composition  in  these  Glohigerina-oozeB  are 
similar  to  those  in  the  Barbados  foraminiferal  beds,  and  whilst 
there  is  a  general  resemblance  in  composition  between  them  there 
are  certain  well-marked  differences.  These  are  in  the  '  Challenger' 
samples  the  uniformly  larger  *'  loss  on  ignition,"  the  presence  of 
much  larger  quantities  of  calcium  sulphate  and  of  iron  peroxide 
and  alumina,  and  the  absence  of  manganese  peroxide  and  of  lime 
and  magnesia  in  the  form  of  hydrous  silicates.  As  only  small  quan- 
tities of  the  oozes  were  available  for  analysis,  it  is  possible  that  the 
latter  points  may  not  represent  real  but  merely  apparent  differences 
in  composition,  resulting  from  the  methods  of  analysis  used.  The 
differences  in  ''  loss  on  ignition  "  and  in  calcium  siQphate  are  what 
we  should  expect  to  be  the  result  of  the  natural  changes  incidental  to 
the  exposure  of  the  Barbados  rocks  to  the  action  of  water  and  air, 
by  the  removal  of  the  more  easily  soluble  constituents  and  the  oxi- 
dation of  the  organic  matter. 

(b)  The  Foraminiferal-^radiolarian  Beds, — ^These  occur  above  the 
purely  foraminiferal  rocks  at  the  base  of  the  Oceanic  Beds,  and  also 
below  the  upper  chalks.  They  contain  large  proportions  of  calcium 
ce^bonat'C,  occasionally  as  much  as  some  of  the  purely  foraminiferal 
rocks,  from  which  they  are  distinguished  by  having  a  large  propor- 
tion of  their  colloid  silica  in  the  form  of  definite  siliceous  organisms, 
such  as  radiolaria,  spouge-spicules,  &c.  There  is  a  general  resem- 
blance in  chemicd  composition  between  these  beds  and  the  more 
siliceous  bands  of  the  purely  foraminiferal  beds. 

We  have  not  access  to  analyses  of  modern  oozes  comparable  with 
this  group,  but  we  may  quote  the  following  remarks  by  Prof. 
Haeckel  as  showing  that  such  deposits  undoubtedly  exist  among 
recent  oceanic  oozes : — "  Mixed  radiolarian  ooze  is  the  name  given 
to  those  deposits  in  which  the  radiolaria  exceed  any  of  the  other 
organic  constituents,  although  they  do  not  make  up  half  the  total 
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mass.  To  this  category  belong  a  large  number  of  the  '  Challenger  * 
soundings  which  are  entered  in  the  Station  list  either  as  red  clay 
or  Olobigerina  ooze  ....  Probably  such  mixed  radiolarian  ooze 
is  very  widely  distributed  in  the  depths  of  the  ocean,  as  for  example 
(Paci^c  stations  quoted),  also  in  the  South  Atlantic  (Stations  324, 
325,  331, 332),  and  in  the  tropical  Atlantic  (Stations  348-352)." ' 

It  would  seem  from  this,  that  the  classification  of  the  Atlantic 
Oceanic  Deposits  requires  some  revision,  and  we  hope  that  Dr.  John 
Murray  will  take  some  note  of  this  point  in  his  forthcoming  Eeport 
on  Deep-sea  Deposits.' 

Analyses  of  some  of  the  mixed  radiolarian  marls  of  Barbados  are 
giyen  in  the  following  table : — 


Loss  on  ignition  

Quarts  

OoUoid  silica    

Clay  

Iron  peroxide  and  alumina    . 

Manganen  peroxide    , 

Calcium  phosphate 

Oaloiuxn  sulphate 

Calcium  carbonate  

Lime 

Magnesia 

Alwies  and  loss  in  analysis 


Lower  Beds. 


a    ?> 


3-21 

•44 

22-22 

2020 

4-49 

•36 

•61 


46-25 

1-84 

•75 


2-89 

•02 

19-53 

16-02 

367 

•06 

•16 

56-23 

1-71 

1-44 

•27 


100-26,100-00 

I 


I. 

I' 


275 

•04 

1383 

4-29 

1-44 

2-51 

•51 

•40 

7333 

■03 

•67 

•20 


100-00 


1-72 

•25 

16-73 

7-67 

2-78 
•81 
•68 
•61 
67-15 
•82 

1-01 


10013 


Upper  Beds. 


§5 
.It 

6^ 


4-69 

•05 

18^77 

21-53 

3-77 

•64 

•18 

trace 

46-81 

204 

1-53 

-09 


100-00 


3-82 

•29 

17-17 

747 

370 

•44 

•33 

trace 

63-W 

256 

•64 


100^05 


(c)  The  Badiolarian  or  Siliceous  Rocks, — These,  which  are  of  great 
thickness,  occur  in  the  middle  portion  of  the  Oceanic  Deposits ; 
they  contain  far  less  calcium  carbonate  than  the  two  preceding 
groups,  and,  as  a  rule,  much  larger  quantities  of  clay.  They  con- 
sist essentially  of  mixtures  of  clay  and  of  colloid  silica  in  the 
form  of  skeletons  of  radiolaria,  of  diatomacea?,  and  of  sponge- 
spicules,  organisms  which  in  places  constitute  by  far  the  greater 
part  of  the  bulk  of  the  rook.  Certain  of  the  beds  also  contain  con- 
siderable quantities  of  calcium  carbonate,  generally  present  in  a 

^  '  Challenger '  Beports,  toI.  xviii.  pt.  i.  p.  clvii. 

'  [Dr.  Murray  informs  us  that  he  cannot  accept  Prof.  HaeckeVs  classification 
of  oosses ;  but  we  think  the  discrepancy  between  them  would  be  greatly  dimi- 
nished if  Dr.  Murray  had  taken  account  of  the  fragments  of  siliceous  orgp.nisms 
separately  instead  of  including  them  under  the  bead  of  '  fine  washings/  We 
note  that  the  deposits  at  Stations  270,  27  U  246,  and  284,  described  in  the 
'Challenger*  Beport  as  Globifferitia -ooze,  appear  to  be  yery  similar  in  character 
and  composition  to  this  group  of  Barbados  rocks,  and  they  all  come  from  about 
2000  fathoms.— J.  B.  H.  &  A.  J.  J.-B.,  Feb.  16th,  1892.] 
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finely-divided  state.  The  accompanying  analyses  (p.  188)  illustrate 
the  yariatioiis  in  their  composition ;  analyses  of  radiolarian  oozes 
from  stations  265  and  274  of  the  ^  Challenger '  Expedition  are  given 
for  companson.^ 

Modem  radiolarian  oozes  are  generally  of  a  reddish  colour ;  hut 
Dr.  Murray  informs  us  that  some  of  them  become  grey  when  dry, 
and  the  subsequent  leaching  out  of  the  oxides  of  iron  and  manganese 
by  percolating  water  might  decolourize  them  altogether. 

(d)  The  Bed  and  Mottled  Argillaceous  i5ar<^.— These  beds  differ 
from  the  rest  of  the  Oceanic  Deposits,  being  somewhat  light  earths 
or  days  having  a  peculiarly  greasy  feel,  ranging  in  colour  from  a 
dark  chocolate-red  through  various  shades  of  red  and  pink  to  yellow 
and  greyish  white,  sometimes  being  mottled.  Physically  they  have 
a  closer  resemblance  to  '  fuller's  earth '  than  to  true  clays.  The 
colours  appear  to  be  due  to  the  state  of  combination  and  hydration 
of  the  iron  peroxide  present  and  to  the  manganese  peroxide  which 
they  all  contain,  partly  in  the  form  of  coatings  upon  their  joint- 
planes  or  of  minute  spherules.  They  contain  comparatively  small 
amounts  of  colloid  silica  in  the  form  of  sponge-spicules  and  an  occa- 
sional radiolarian,  but  are  in  all  cases  free  from  calcareous  organisms. 
Out  of  all  the  numerous  samples  examined  calcium  carbonate  or  lime 
was  only  determined  in  one,  and  there  amounted  to  less  than  1  per 
cent,  of  lime.  The  following  are  the  compositions  of  some  of  the  most 
characteristic  samples  examined : — 


Loss  on  ignition 

Quartz  

Oolloid  silica    

Combined  silica  (by  difference) 

Iron  peroxide  

Alumina    

Manganese  peroxide    

Lime '. 

Magnesia  

Potash  

Soda 


r 


c3 


8-65 
•41 

4-98 
47-65 

4-86 
26-20 

3-05 
trace 

2o7 
•18 

2-55 


100-00 


7-46 
•23 

8-87 
4617 

4-77 
31-54 

2-6y 

trace 

141 

•10 

1-76 


10000 


^M 

i! 

elvin' 
(dark 
later 

1* 

()-41 
•52 

4-14 
43-38 

8-32 
3156 

1-77 

1-44 

•17 

2-29 


100-00 


7-10 
76 

4-85 
51-70 

2-84 
25-48 

2-71 

"2-68I 

•10 ' 

l-78i 


4-72 

5-76 
54-50 

6-95 
2H>3 

124 

2-62 

•50 

195 


"      'I 
10000  10000  10000 


p 

n  s 


742 

1-98 

5-57 

4843 

509 

26-99 

2-73 

trace 

•98 

•07 

•74 


We  have  been  favoured  by  Dr.  John  Murray  with  the  analyses  of 

the  samples  of  red  clay  obtained  by  the  '  Challenger '  Expedition  ; 

they  will  he  found  in  extenso  on  page  198  of  his  report  on  the 

'  Beep-sea  Deposits/  and  we  find  that  the  majority  of  them  appa- 

i  '  Challenger '  Reports*  '  Deep-sea  Deposits/  pp.  435,  436. 
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rently  exhibit  a  closer  resemblance  in  composition  to  certain  of  the 
Barbados  radiolarian  deposits  than  to  the  argillaceous  earths.^  All 
the  '  Challenger '  samples  contained  calcium  carbonate,  many  of 
them  in  considerable  quantity,  the  range  being  from  '92  to  22-63 
per  cent.' 

Several  of  the  samples  (Nos.  8,  10,  15,  16,  17,  and  22)  contained 
less  than  3  y^  of  calcium  carbonate,  and  such  samples  would,  upon 
exposure  to  the  action  of  percolating  water  during  lengthened 
I^eriods,  assume  compositions  similar  to  those  of  the  Barbados 
argillaceous  earths.  Apparently  also  the  amounts  of  calcium  and 
magnesium  carbonates  assumed  to  be  present  in  the  '  Challenger ' 
samples  analysed  by  the  late  Dr.  Brazier  were  determined  by  con- 
sidering that  all  the  lime  and  magnesia  dissolved  from  the  clays  by 
hydrochloric  acid  in  quantities  above  those  necessary  to  combine 
with  the  sulphuric  and  phosphoric  acids,  were  in  the  form  of  carbo- 
nates, and  not,  as  in  all  probability  they*  must  have  been,  in  part  as 
silicates  decomposable  by  acids. 

In  order  to  facilitate  comparison,  we  have  rearranged  as  follows 
the  analyses  of  these  samples  so  as  to  render  them  more  easily 
comparable  with  those  of  the  Barbados  rocks: — 


Number  of  Bample    8  10 

Station   19     '    21 

Depth  in  fathoms 3000  |  3025 


Combined  water,  &c.    ... 

Colloid  silica 

Combined  silica  and  quartz' 
Iron   peroxide  soluble  in 

HOI 

Iron  peroxide  not  soluble  in 

HCl I 

Alumina  soluble  in  IICl  ...I 
Alumina  not    soluble    in  ' 

HCl 

Manganese  peroxide 

Calcium" carbonate   

Calcium  sulphate 

Calcium  phosphate  ' 

Magnesium  carbonate < 

Lime  not  soluble  in  HCl ... 
Magnesia  not    soluble   in , 

HOI 


7-44 
27-68 
2616 

1033 

1-57 
12-91 


16  !  16 
262  !  253 
2740  I  3126 


5-92  3-60.  4-60 
24-70  2  J -89'  24-70 
30-20  I  37-70    37-40 


12-26    13-14 


6-73 
7-04 


7-81      6-61 


1-49' 
•96  I 


2-44 
-61 


trace  I  trace 
3101  3-48 
103        -81 


•52 


•41' 


2-60 
5-23 

7-85 

trace 

2-22 

•51 

'"•41 
1-60 

•35 


7-96 

3-88 
8-31 

7-75 
•56 
•92 
•37 
•19 

2-70 
•28 

•50 


17 
256 
2950 


22 
281 
2385 


4^50 
24-95, 
3482 


I 


7-70 
82-60 
11-27 


9-771    24-60 


2-00 
600 

11-37 

•68 

1-69 

•42 

•48 
133 
114  i 

•85' 


3-80 
8-80 

1-60 

273 

2-50 

trace 

si.  trace 

324 

•84 

•32 


100-00  10000  100-00  100-00 i  100-00  I  100-00 


^  Haeckel  remarks  that  Stations  241  to  245,  \rhich  are  classed  in  the  Station 
Beport  as  being  red  clays,  '  might  have  been  almost  as  appropriately  termed 
radiolarian  ooze.*     *  Challenger  *  Keports,  toI.  XTiii.  pt.  1.  Badiolaria,  p.  cxliz. 

■-*  Samples  Nos.  1,  2, 12,  and  19  in  the  table  above  referred  to  shovr  amounts  of 
calcium  carbonate  ranging  from  36 80  to  6029  per  cent,  but  we  have  been 
informed  by  Dr.  John  Murray  that  these  samples  consisted  of  red  clays  after  the 
finer  )>ortion8  (i.  e,  the  clay)  had  been  washed  away.  It  appears  to  us  to  be. 
somewhat  misleading  to  include  these  samples  in  a  table  snowing  the  com- 
position of  red  clay,  without  a  footnote  pointing  out  their  exceptional  character. 
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The  most  noticeable  difference  in  all  the  samples  is  the  large 
quantity,  var}ing  from  11*03  to  32*60  per  cent.,  of  silica  "  soluble 
in  HCl "  (soluble  in  alkalies  after  treatment  with  hydrochloric  acid  ?) 
present  in  all  the  '  Challenger '  samples  as  compared  with  the  small 
proportions  (from  3*87  to  5*76  per  cent.)  found  in  the  Barbados 
deposits.  As,  however,  Dr.  Murray,  in  his  table  given  on  p.  197 
of  the  Eeport,  showing  the  average  composition  of  the  *  Challenger ' 
samples  of  red  clay,  places  the  siliceous  organisms  present  at  only 
2*39  per  cent.,  and  as  in  addition  the  amounts  of  alumina  shown  in 
the  table  of  analyses  as  being  *^  soluble  in  HCl "  are  in  the  majority 
of  cases  in  very  high  proportion  to  the  total  amounts  present  in  the 
samples,  it  is  evident  that  the  analyses  do  not  represent  with 
accuracy  the  original  proportions  of  colloid  silica  present  in  the 
samples.  They  give  instead  the  amounts  originally  present,  together 
with  those  set  free  from  the  silicates  of  the  clays  by  the  action  of 
strong  and  probably  boiling  hydrochloric  acid.  Again,  whilst  in 
the  Barbados  argillaceous  earths  the  alkalies  potash  and  soda  are 
present  in  proportions  varying  from  *81  to  2*73  per  cent,  these 
usual  and  important  constituents  of  clay  have  not  been  estimated  in 
the  *'  Challenger '  samples.  We  consider  that,  if  the  *  Challenger ' 
samples  of  red  clay  which  contained  only  small  amounts  of 
calcium  carbonate  and  the  samples  of  the  Barbados  argillaceous 
earths  had  been  analysed  by  similar  methods,  a  close  resemblance 
in  composition  would  have  been  found  in  them,  and  that  the  dif- 
ferences would  have  been  such  only  as  would  arise  from  the  action 
of  percolating  water  containing  organic  acids  upon  the  Barbados 
deposits,  from  which  the  calcium  carbonate  and  the  iron  peroxide 
present  in  a  limonitic  form  would  be  leached  out. 

Seeing  that  days  similar  in  character  to  these  argillaceous  earths 
occur  as  terrigenous  deposits,  it  is  necessary  to  consider  certain 
other  points  about  them  in  addition  to  their  general  resemblance  to 
the  'Challenger'  samples.  Pirst,  therefore,  *clay'  present  in 
samples  of  foraminiferal  and  radiolarian  deposits  was  separated  by 
elntriation,  and,  after  separation  of  the  colloid  silica  from  it,  was 
found  to  be  similar  in  nature  and  in  constitution  to  the  argillaceous 
earths.  Again,  if  the  argillaceous  earths  and  the  clays  present  in 
the  other  Oceanic  Deposits  were  of  terrigenous  origin,  we  should 
expect  them  to  correspond  in  composition  with  the  clays  of  the 
South  American  littoral,  with  those  of  the  underlying  Scotland 
Group  which  are  undoubtedly  terrigenous,  and  with  the  clay  present 
as  an  impurity  in  the  coral-rocks  of  the  island.  But  such  is  not  the 
case.  The  clays  of  the  South  American  littoral,  i.  e.  those  of  British 
Guiana  derived  from  the  waters  of  the  Orinoco  and  others  of  the  great 
South  American  rivers,  invariably  contain  considerable  quantities 
of  quartz,  never,  as  far  as  our  experience  goes,  less  than  15  %,  and 
frequently  far  higher  amounts.  This  quartz  is  in  a  state  of  re- 
markably fine  subdivision,  and  is  not  separable  from  the  clay 
by  ordinary  processes  of  elutriation.  Similar  quartz  is  present  in 
quantity  in  the  clays  derived  from  the  waste  of  the  coral-rocks, 
and  in  those  of  the  Scotland  Beds ;  whilst  it  is  present  in  only 
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minute  amounts,  which  in  part  are  douhtlesB  derived  from  alteiaiioii 
of  colloid  silica,  in  any  of  the  Oceanic  Deposits.  The  days  of  the 
South  Ameriocua  littoral  moreover  contain  considerable  proportions  of 
potash,  not  unfrequently  amounting  to  over  2  per  cent.,  and  this 
is  also  the  case,  although  to  a  lesser  extent,  with  the  days  derived 
from  the  coral-rooks  and  with  the  Scotland  Beds,  whilst  the  argil- 
laceous earths  contain  but  minute  amounts  of  this  alkali. 

(e)  The  Layers  of  Volcanic  Sands  or  Ashes  and  Mudstoms. — ^The 
following  table  gives  compositions  of  three  of  the  interbedded  la^'ers 
which  consist  so  largely  of  volcanic  material ;  that  of  a  sample  of  the 
volcanic  sand  or  dust  from  the  Souffriore  of  St.  Vincent,  which  fell 
upon  Barbados  in  1812,  and  is  locally  known  as  May  Dust,^  being 
included  for  comparison.  The  layers  from  which  the  samples 
analysed  were  taken  are,  1st,  a  bed  varying  from  7  to  10  inches 
in  thickness,  exposed  in  Gonset  Gully  (see  p.  205) ;  this  is  of  a 
dark  brown  colour,  containing,  as  do  several  of  the  thinner  beds  of 
volcanic  mat'Crial,  a  considerable  quantity  of  petroleum  (derived 
probably  from  the  lower  Scotland  Beds)  ;  2nd,  the  bed  of 
pumiceous  sand,  near  Chimborazo,  at  the  top  of  Melvin's  Hill  (see 
pp.  180, 208) ;  and  3rd,  the  bed  of  grey  mudstone  from  the  summit  of 
Mount  Hillaby  (see  pp.  180,  209). 

Conset  Melvin's  Mount 

Gully  Hill  (rather  Hillaby  (fine     May  Dust 

(coarse).  coarse).  mud8tx)ne).  (sandy). 

Lobs  on  ignition 11-50  "41  2-23  2'81 

Quartz ttS  '12  04:  '26 

OoUoid  silica 1846  28*50  19-34  1247 

Combined  silica 47*31  38*31  44*22  41*52 

Alumina 9*39  14*59  16-56  21-85 

Iron  peroxide 1*55  1*07  trace  1*81 

Iron  protoxide  3*72  215  5*43  6-33 

Manganese  oxide   3*44  ...  -09  *03 

Manganese  peroxide 4-24 

Lime   210  223  7*59  7-16 

Magnesia    -90  1-25  1*57  1-99 

Potash    1-25  1*94  36  1-04 

Soda   trace  521  268  299 

100-27  100-02  100-00  100^ 

In  these  layers  of  volcanic  materials  soluble  or  colloid  silica  is 
always  present  in  considerable  quantity,  partly  in  the  form  of 
siliceous  organisms,  but  largely  as  a  cementing  material.  It  is  also 
present,  but  in  much  smaller  quantity,  in  the  so-called  May  Dust, 
in  which  it  occurs  in  the  form  of  siliceous  organisms  of  freshwater 
origin,  and  as  finely  divided  silica.  The  general  resemblance  in 
composition  between  the  sandy  dust  known  to  have  come  from 
St.  Vincent,  and  the  layers  occurring  in  the  Oceanic  Series,  when 
the  increased  amount  of  the  colloid  silica  in  the  bedded  layers  is 
allowed  for,  points  to  a  similar  origin,  that  is,  from  a  lava  containing 
but  little  free  silica.   Two  of  the  samples  (those  from  Conset  Gully  and 

^  The  *  May  Dust '  is  said  to  have  been  collected  at  the  time  of  faUing. 
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from  Melvin's  Hill)  contained  considerable  proportions  of  the  oxides 
of  manganese,  of  which  only  traces  were  present  in  the  mudstone 
from  Mount  Hillaby  and  in  the  May  Dust.  We  examined  many  years 
ago  a  sample  of  May  Dust  which  contained  oxides  of  manganese  in 
considerable  quantity,  a  fact  which  was  noted  by  Sir  Humphry 
Davy,  who  examined  some  of  it  soon  after  its  falling. 

llie  older  layers  of  volcanic  materials  contain  much  less  lime  than 
do  the  Mount  Hillaby  and  May  Dust  samples. 

The  occurrence  of  these  layers  of  volcanic  sands  and  muds  in  the 
Oceanic  Deposits,  the  general  resemblances  in  composition  between 
them  and  the  argillaceous  earths,  and  the  fact  that  minute  fragments 
of  pumiceous  minerals  are  scattered  throughout  the  beds,  point 
strongly  to  the  conclusion  that  the  clay  present  in  the  Oceanic 
Deposits  has  been  derived  from  the  finest  portions  of  the  volcanic 
materials  which  fell  from  time  to  time  upon  the  surface  of  the  area 
in  which  the  deposits  were  forming. 

§  4.  Oboanic  Eemaiks  found  in  the  Rocks, 

With  the  exception  of  radiolaria,  which  abound  in  the  siliceous 
earths,  and  of  foraminifera,  which  are  equally  abundant  in  some  of 
the  calcareous  rocks,  fossils  are  very  rare  in  the  Oceanic  Deposits  of 
Barbados.  The  discover}'  of  the  Cyst^chinus  described  by  Mr.  Gregory 
shows,  however,  that  larger  organisms  were  not  entirely  absent ;  ^ 
but  the  very  paucity  of  such  remains  is  another  point  of  resemblance 
between  these  deposits  and  the  modern  abyssal  oozes. 

It  is,  of  course,  only  from  a  comparison  of  the  constituent  and 
embedded  organisms  with  their  living  congeners  that  conclusions 
can  be  drawn  respecting  the  age  of  the  deposits  and  the  depth  of 
water  in  which  they  were  accumulated.  In  considering  the  bearing 
of  the  fossils  on  these  points,  it  will  be  convenient  to  deal  separately 
with  the  contents  of  (1)  the  siliceous  earths,  (2)  the  calcareous 
earths. 

(1)  Fossils  from  the  Siliceous  EaHhs, — ^The  radiolaria  from  these 
deposits  have  long  been  known,  and  it  would  serve  no  useful  purpose 
to  give  a  list  of  them  here ;  but  we  may  note  an  important  obser- 
vation by  Prof.  Haeckel  to  the  effect  that  the  fossil  radiolaria  of 
Barbados  are  most  nearly  allied  to  those  which  occur  in  the  deepest 
parts  of  modern  oceans.^  Kow  radiolarian  oozes  are  found  in  the 
Pacific  and  Indian  Oceans  between  depths  of  2000  and  over  4000 
fathoms,  and  it  is  a  fact  significant  of  the  physical  changes  which 
have  taken  place  since  the  formation  of  radiolarian  ooze  in  the 
Caribbean  region  that  no  such  ooze  has  been  found  in  the  modern 
Atlantic ;  that  is  to  say,  no  deposit  which  contains  more  than  50 
per  cent,  of  radiolarian  remains. 

Haeckel  also  compared  the  species  of  radiolaria  found  in  the 

^  Another  echinoid  {Archaopneusies,  Greg.),  with  some  small  turbinate  ooralfl, 
and  some  other  fossils  occur  in  the  limestone  which  caps  Bissex  Hill,  but  we 
do  not  regard  this  as,  strictly  speaking,  part  of  the  Oceanic  Series  (see  §  6). 

^  *  Challenger '  Beports^  vol.  xviii.  part  i.  p.  clxiv. 
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Barbadian  earths  with  those  obtained  from  the  modem  ooze,  and 
found  that  about  25  per  cent,  of  the  Barbadian  forms  are  known 
from  the  modern  ooze.  It  is  true  that,  as  Mr.  Gregory  points  out,  the 
living  radiolaria  have  not  been  so  well  investigated  that  such  a 
comparison  can  be  taken  as  having  the  value  that  it  would  have  in 
the  case  of  one  of  the  higher  groups ;  still  the  fact  remains  that 
many  of  the  Barbadian  species  are  absent  from  the  recent  deposits, 
and  therefore,  so  far  as  the  radiolarlan  evidence  goes,  it  points  to  a 
date  somewhat  older  than  Pleistocene  or  post-Tertiary ;  a  Pliocene 
date  would  be  entirely  in  accord  with  this  evidence. 

[As  regards  the  ^atoms,  we  have  not  been  able  to  ascertain 
whether  any  of  them  are  extinct  species  or  bear  in  any  way  on 
the  question  of  geological  age,  but  in  the  recently  published  volume 
on  Deep-sea  Deposits  ('  Challenger '  Expedition  Series)  Dr.  J.  Mur- 
ray furnishes  us  with  a  strong  point  of  comparison  with  modem 
abyssal  deposits.  Fragments  of  the  frustules  of  the  diatom  Ethmo- 
discus  are  frequently  present  in  the  radiolarian  earths  of  Barbados 
in  considerable  quantity,  and  he  remarks  that  this  is  "  quite  charac- 
teristic of  some  of  the  deepest  tropical  red  clays  and  radiolarian 
oozes  far  from  land  "  {op,  ciU  p.  31).— Feb.  16th,  1892.] 

The  most  important  fossil  which  has  yet  been  obtained  from  the 
radiolarian  beds  is  the  echinoderm  which  was  described  by  Mr.  J. 
W.  Gregory  in  1889  under  the  name  of  Cystechinus  crassus}  We 
have  ascertained  that  the  well  at  Hayneslield,  from  which  this 
fossil  was  obtained,  had  a  depth  of  about  108  feet,  140  of  this  being 
coral-rock,  and  the  remainder  radiolarian  earth ;  the  specimen  came 
from  near  the  bottom  at  a  depth  of  about  166  feet,  as  stated  in 
Mr.  Gregory's  paper.  The  occurrence  of  this  echinoderm  is  of 
great  importance,  ineismuch  as  it  afibrds  valuable  evidence  both  as 
to  depth  of  water  and  geological  age. 

Mr.  Gregory  remarks  that  "  Cystechinus  is  one  of  the  most  typical 
of  deep-sea  echinoids ;  thus,  for  example,  Neumayr  quotes  it  with  a 
few  other  genera  as  never  found  above  the  1000-fathom  line." 
Three  species  of  Cystechinus  were  obtained  during  the  '  Challenger ' 
Expedition,  all  of  which  came  from  very  deep  water.  "C  clypeatus, 
the  species  which  is  probably  the  nearest  ally  of  C.  crassus,  was 
found  off  Tristan  da  Cunha  at  Stations  133  and  334,  and  in  the 
China  Sea  at  Station  205,  at  depths  of  1900, 1915,  and  1050  fathoms 
respectively." 

Ko  fossil  fonn  of  the  genus  was  known  previous  to  the  discovery 
of  Cystechinus  crassus  in  Barbados,  so  that  its  presence  gives  little 
assistance  in  determining  the  age  of  the  deposit.  Since  many  of 
the  modern  oceanic  echinoderms  belong  to  very  ancient  types,  we 
might  expect  Cystechinus  to  be  present  in  oceanic  deposits  belonging 
to  any  Tertiary  period. 

The  only  other  fossil  which  has  been  obtained  from  the  radiolarian 
beds  is  a  shark's  tooth  of  the  Larana  type ;  this  is  in  the  possession 
of  Mr.  Armstrong,  of  Little  Island  estate,  Barbados,  and  is  embedded 
in  a  fragment  of  the  grey  limestone  of  Bissex  Ilill. 
*  Quart.  Journ,  Geol.  Soc,  toI.  xIy.  p.  640. 
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(2)  Fossils  from  the  Calcareous  Earths. — The  only  fossils  yet 
obtained  from  these  earths  are  foraminifera.  Samples  of  the  deposits 
were  sent  to  the  late  Dr.  H.  B.  Brady,  who  kindly  undertook  to  examine 
and  report  npon  them.  He  did  examine  most  of  these  in  1889,  and 
sent  us  a  preliminary  report  in  December  of  that  year,  with  a  list  of 
the  species  (81  in  number)  which  he  had  identified  up  to  that  date  ; 
at  the  same  time  he  stated  that,  owing  to  its  coherence,  the  material 
was  not  easy  to  manipulate,  and  if  we  could  send  him  samples  of 
the  looser  beds  or  rain  wash  from  the  coherent  chalks,  he  would 
examine  them  as  soon  as  he  had  completed  his  work  on  the  raised 
deposits  of  the  Pacific  Islands.  Samples  were  obtained  and  sent  to 
him,  but  he  was  unable  to  finish  their  examination  before  his  death 
in  January  1891.  His  courtesy  and  readiness  to  impart  information 
were  known  to  all  who  applied  to  him,  and  while  especially  regretting 
the  loss  which  has  deprived  us  of  further  information,  we  esteem 
ourselves  fortunate  in  being  able  to  present  the  Society  with  a  report 
which  contains  much  of  interest  and  importance. 

EePOBT  fiY  THE  LATE  Db.  H.  B.  BbADY. 

^'I  have  made  a  preliminary  examination,  in  respect  of  the 
foraminifera  they  contain,  of  most  of  the  specimens  of  earthy 
deposits  from  Barbados  which  you  sent  to  me.  The  results,  though 
far  £rom  complete,  possess  considerable  interest,  and  as  I  am  unable  at 
present  to  continue  the  investigation  I  send  them  to  you  as  they 
stand. 

*^  The  physical  character  of  these  Barbados  rocks  is  not  favourable 
for  the  separation  of  microzoa.  With  one  exception  the  specimens 
sent  were  fine-grained  and  compact,  without  being  very  hard ;  easily 
broken  into  fragments,  but  very  difficult  to  disintegrate  completely 
by  washing  or  other  mechanical  means^  Chemical  reagents  are 
inadmissible  where  foraminifera  are  concerned,  and  the  amount  of 
force  needful  for  the  reduction  of  the  rock  to  its  constituent  particles 
is  sufficient  to  break  up  the  more  delicate  forms ;  while  the  close 
adherence  of  portions  of  the  matrix  obscures  the  external  characters 
of  the  larger  specimens.  It  may  be  urged  that  the  difficulties  are 
not  greater  than  in  the  case  of  common  white  chalk,  which  often 
presents  very  similar  characters;  but  chalk  is  not  uniformly  so 
intractable,  and,  from  its  abundance,  larger  quantities  can  be 
operated  upon  at  one  time.  Besides  which,  we  already  know  what 
forms  to  expect  from  the  various  Cretaceous  beds,  and  the  identifi- 
cation of  specimens  with  some  adherent  matrix  is  comparatively 
^asy. 

'^  Nine  specimens  of  the  Barbados  deposits,  weighing  from  1|  ounce 
to  4  ounces,  have  been  washed,  and  the  residues  examined.  Of  these 
one,  presenting  altogether  different  features  from  the  rest,  may  be 
set  aside  and  treated  separately.  Although  much  labour  was 
expended  on  the  other  eight  samples,  in  no  case  was  the  washing 
quite  satisfactorily  accomplished ;  and  the  residues,  which  in  seven 
of  them  only  ranged  from  1  to  6  per  cent,  of  the  original  weight, 
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might  in  every  instance  have  been  reduced  with  advantage,  though 
the  foraminifera  had  already  suffered  considerably  by  breakage. 
The  small  qutotity  of  washed  material  thus  obtained  (5  to  20  or  30 
grains  from  each  ounce  of  rock)  is  not  much  to  depend  upon  for  the 
complete  presentment  of  the  calcareous  rhizopods.  Neither  are 
microscopical  sections  of  any  great  service,  except  for  purposes  of 
comparison,  owing  to  the  muddy  nature  of  the  deposits  and  the 
relative  sparseness  of  recognizable  organisms. 

"  In  three  out  of  the  eight  samples  to  which  I  have  referred  no 
foraminifera  were  met  with  ;  in  a  fourth  very  few,  and  those  only 
of  species  common  to  the  others.^  The  resulta  of  the  examination 
of  the  remaining  samples  are  embodied  in  the  first  four  columns  of 
the  annexed  table  (p.  198). 

*'  There  was  one  specimen,  as  I  have  said,  which  differed  from  the 
rest  in  its  physical  (iaraoters ;  it  was  labelled  '  rotten  earth,  Bissex 
HiU,  50  feet  down.'  It  is  a  light-brown  friable  rock  which  easily 
disintegrates,  leaving  40  per  cent,  of  residue  or  thereabouts  after 
washing.  It  is  more  calcareous  than  the  rest,  containing  perhaps 
less  than  25  per  cent,  of  siliceous  matter.  It  resembles  in  many 
respects  some  recent  specimens  of  Qlobigerimi-ooze. 

^^  There  is  still  much  to  learn  respecting  the  rhizopod  fauna  of 
these  deposits  before  any  very  satisfactory  conclusions  can  be  drawn 
as  to  their  geological  age  or  the  depth  of  water  at  which  they  were 
formed.  The  species  which  have  been  so  far  determined  are  enume- 
rated in  the  annexed  table.  This  has  no  pretension  to  completeness, 
but  it  will  serve  as  a  basis  for  future  work ;  the  number  of  species 
in  every  column  might,  without  doubt,  be  largely  increased  by  fresh 
examination  with  improved  methods  of  preparing  the  material. 

'^The  list  contains  81  species  and  well-marked  varieties,  5  of 
which  are  left  for  the  present  undetermined.  Of  the  remaining  76 
there  are  only  2  species  of  Nodosaria  and  3  of  EUipsoidina  that 
are  not  well  known  in  the  living  condition.  It  may  be  further 
remarked  with  regard  to  Ellipsoidina  that  our  present  knowledge  of 
the  genus  and  its  distribution  is  very  defective ;  it  appears  more 
than  probable  that  specimens  belonging  to  the  group,  both  recent 
and  fossil,  may  have  been  mistaken  for  isomorphous  forms  of  Lagena^ 
Glandulina,  and  Nodosaria,  The  two  species  of  Nodotaria  referred 
to  are  represented  by  only  one  or  two  specimeina  apiece,  and  taken 
by  themselves  are  of  little  importance. 

"  We  may  say  with  some  confidence  that  of  the  81  species  of  fora- 
minifera enumerated  71  or  72  are  certainly  recent  forms,  and  half 
the  remainder  probably  so.  An  investigation  of  the  microzoa  of  a 
large  series  of  soft  deposits  from  various  islands  of  the  South 
Pacific  has  yielded  a  very  similar  result,  and  I  agree  entirely  with 
l>r.  Guppy,  who  has  ass^ed  to  them  geologieany  a  post-Terdary 
origin. 

'  Eleven  specimens  had  been  sent  to  Dr.  Bradv,  and  those  which  proTed  of 
little  use  must  have  come  from  some  of  the  following  localities : — Castie  Q-rantr 
lower  beds  (3  samples  sent) ;  near  Bloomsbury ;  Mount  Misery ;  summit  rock 
of  Mount  HiUaby. 
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*'  TumiDg  to  the  question  of  the  probahle  depth  at  which  these 
beds  were  deposited,  the  evidence  still  leaves  a  good  deal  to  bo 
desired.  It  is  generally  assumed  that  the  presence  of  skeletons  of 
radiolaria  and  similar  siliceous  remains  as  the  chief  constituents  of 
a  deposit  is  an  indication  that  it  was  laid  down  at  a  considerable 
depth,  and  the  <  Challenger '  researches  give  a  general  support  to 
this  view.  I  have  notes  of  41  *  Challenger '  bottom  dredgings  more 
or  less  characterized  by  abundance  of  radiolaria,  and  of  these  only  7 
were  taken  at  a  depth  less  than  1000  fathoms,  whilst  25  were  from 
more  than  2000  fathoms.  On  the  other  hand,  the  almost  complete 
absence  of  the  pelagic  varieties  of  Pulvinulinaj  and,  except  in  the 
Bissex  Hill  material,  the  poor  show  of  Ohhvjerina^  whilst  certain 
other  calcareous  forms  are  well  represented,  are  not  what  one  would 
expect  in  a  deep  oceanic  deposit  far  from  land.^ 

"The  annexed  table  (p.  198)  furnishes  us  with  ten  or  eleven 
salient  species,  whose  known  distribution  in  the  living  condition  b  of 
value  as  far  as  it  goes. 

«  MUiolina  venusta  was  found  at  12 '  Challenger '  stations,  ranging 
from  1070  to  2750  fathoms,  and  at  only  one  in  shallow  water,  and 
though  it  has  since  been  recorded  from  some  other  shallow-wat<er 
localities  it  may  be  considered  relatively  as  one  of  the  deep-water 
forms  of  MUioliice. 

"  VemeuUina  triquetral  in  'Challenger '  material  from  390  fathoms 
(West  Indies),  210  fathoms  (Pacific  Islands). 

''Pleurostomella  sulmodosa,  at  1825,  2200,  and  2350  fathoms. 

*  „  brevity  at  129  and  1950  fathoms. 

„  aliemans,  at  129  and  2075  fathoms. 

**  Cassidulina  subglobosa,  at  50  stations,  6  of  which  have  a  depth 
of  more  than  2000  fathoms,  17  of  more  than  1000,  23  of  more  than 
400,  while  3  are  under  100  fathoms. 

**Jllomarphina  trigona^  recent  at  two  stations  only,  345  and  620 
fathoms. 

'^  Polymorphina  angttsta,  at  14  stations,  7  of  which  have  a  depth 
of  more  than  2000  fathoms  and  ouly  3  of  less  than  1000. 

**  Rotalia  Soldanii^  at  57  stations,  of  which  41  are  from  depths  of 
more  than  1000  fathoms. 

''  Nodosaria  hirpida^  var.  sublineata,  435  fathoms  (West  Indies) 
and  350  fathoms  (Pemambuco). 

^  As  I  have  already  stated,  a  more  complete  examination  of  these 
rocks  and  their  constituent  organisms  should  throw  into  much 
clearer  light  the  points  under  consideration.  The  aspect  of  the 
rhijsopod  fauna  apart  from  the  species  just  referred  to,  without  being 

^  We  now  know  that  the  Globigerina-maxls  and  limefltones  of  ^asex  Hill  are 
at  least  50  feet  thick,  and  that  in  this  locality  there  is  a  fine  show  of  GMn- 
gtrinuB.  A  sample  from  one  of  the  limestone-bLooks  was  afterwards  sent  to 
Dr.  Brady,  who  wrote  to  us  as  follows.: — 'The  limestone  of  which  it  is  a 
seotion  eicactly  resembles  a  modem  sea-bottom  of,  say,  perhaps  1000  fathoms 
(more  or  less),  formed,  at  any  rate,  in  open  ocean,  away  from  land  infloences. 
From  a  section  one  always  has  to  speak  with  a  margin,  as  it  is  next  to  impos- 
sible in  many  eases  to  identify  species.  Btill,  I  do  not  think  at  1000  fathoms 
yon  will  be  very  far  wrong.' 
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specially  indicative,  is  nob  inconsistent  with  the  idea  of  a  sea-bottom 
of  considerable  depth,  perhaps  from  500  to  1000  fathoms,  but  the 
impression  I  have  formed  on  this  point  must  not  be  taken  for  more 
than  it  is  worth." 
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MUiolina  venusta,  Karrer    

{Sigmoilina)  tenuis,  Ozjzek 

Textularia  agglutinans^  d'Orb 

aspera,  Brady 

sp 

Biffenerina  eapreolus,  d'Orb 

Spiroplecta  annectens,  P.  &  J 

VemeuUina  triquetra,  Munst 

Gaudrt/ina  jmpoides,  d'Orb , 

BulimifM  striata^  Buch    , 

elegans?   

PleurostomeUa  subnodosa,  Eeuss 

,  var.  attenuata,  Brady  

altemans^  Sckw 

brevis,  Schw 

Bolivina  robttsta,  Brady  

Casddtdina  crasaa,  d'Orb 

8ubglobosa,'Rn^y    

Ehrmhergina  serrata^  Beuss    

AUonwrphina  irigona,  Baxjas  

Eilipsotdina  ellipsaides,  Seg.     

exponenst  Brady  MS. 

?  rotundata,  d'Orb 

Lagena  hispida.'Reuea 

striata,  d'Orb.     

sulcata,  W.  &  J 

striatihpuTKtata,  P.  &  J 

JmbrieUa,'BjQ}XB&  

alveolata,  var.  ca^digera,  Brady 

laevigata,  "Revaa  

marginata,  W.  &  B 

lagenoideSf'Will 

■ pulchella,  Brady , 

trigoTUHmargimUa,  P.  &  J 

Nodosaria  communis,  d'Orb , 

paup&rata,  d'Orb , 

mucronata,  Neugeb , 

longiscata,  d!OTb.     

farcimen.  Sold 

ovicula,  d'Orb 

vyrula,  d'Orb.      

kispida,  var.  suhUneata,  'RtsAy  ... 
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Nodosaria  plebeia,'Re\m 

Raphanus,  Linn 

obliqua,  Linn 

Frondicuwia  MUletii^  Brady 

Vagintttina  legumeitt  Linn 

Rhabdogonium  tricarinafum,  d*Orb 

Marginulina  glabra,  d'Orb.     I    » 

OritteUaria  tenuis^  fiomem 

crepiduia,  F.  A  M 

WetherellUj  JoneB    

rotulata,  Lamarok  

etiltrcUa,  Montfort  

Polj/nwrpkina  angusfa,  EggpT    

Uvigerina  pygmaa,  d'Orb 

angutday  Williamson 

agpenUa,  Czjzek    

Sagrma  virgula,  Brady   

Raphanu9yV.&,Z \    # 

nodosa^  V  .&,  Z 

Globigerifta  bulloideSf  d'Orb ;    * 

inflata,  d'Orb 1  ... 

canglobata,  Brady   ? 

tequilatereUia,  Bradj    

Snheroidina  buRoideSy  d'Orb 

Auienia  apheroides,  d'Orb 

guinqueloba,  Beuts 

Truncatulina  lobatula,  W.  k  J 

Akneriana,  d^Orh, 


I  .. 


■*H: 


AnonuUina  ariminensis,  d'Orb.    .. 

ammonoideSf  Beum 

ffrosserugosa,  Gtnmb 

polym&rpha,  Ck)BtA      

Ckirpenteria  moniicularis,  Carter 

Puivimditui,  Bp 

craMa.dOrb 

pauperatay  P.  &  J 

Roialia  Soldanii,  d'Orb 

Nonionina  umbilicatula,  "M-ont.  ... 


I 


s 


* 

«       « 


Sutnmarj/  of  the  evidence  from  Organic  Remains. — First,  with 
respect  to  the  age  of  the  deposits ;  upon  this  point  the  testimony  of 
the  foraminifera  is  very  important :  the  fact  that  out  of  76  deter- 
mined species  71  (or  93  per  cent.)  are  living  species  is  strong  evi- 

Q.J.G.S.  No.  190.  p 
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deoco  for  a  very  late  Tertiary  date,  either  Pleistocene  or  late 
Pliocene  time. 

The  ocoorrence  of  the  genus  Cystechinus  in  the  siliceous  earths  is 
confirmatory  of  this  conclusion.  As  that  genus  is  known  only  in 
a  living  condition,  it  might  be  thought  to  favour  a  very  recent  age, 
but  inasmuch  as  its  representatives  are  entirely  confined  to  deep 
water  it  may  be  inferred  that  the  genus  is  a  Tertiary  form  which, 
like  many  of  its  associates,  has  lived  on  in  the  ocean  depths.  It  is 
therefore  just  as  likely  to  occur  in  deep-sea  deposits  of  Pliocene  as 
of  Pleistocene  age. 

We  may  conclude  then  that  the  Oceanic  Deposits  of  Barbados 
were  most  probably  formed  during  the  period  which  we  call  Pliocene ; 
and  it  is  possible  that,  with  the  still  later  deep-water  deposits,  they 
cover  not  only  the  whole  of  Pliocene  time,  but  so  much  of  the  post- 
Pliocene  as  elapsed  before  the  rising  island  reached  the  level  at 
which  reef  corals  could  build. 

Next,  with  regard  to  the  depth  of  water  which  is  indicated  by  the 
fossil  organisms.  In  an  area  which  has  certainly  experienced  a 
profound  subsidence,  followed  by  an  equally  great  upheaval,  the 
depth  of  the  sea  during  the  accumulation  of  oceanic  oozes  may 
have  varied  very  much,  and  the  great  variety  of  deposits  exhibited 
by  the  Oceanic  Series  of  Barbados  suggests  a  concomitant  variation 
in  depth.  It  is  true  that  the  accumidation  of  red  day  does  take 
place  in  some  areas  at  the  same  depths  as  those  in  which  radiolarian 
ooze  or  foraminiferal  ooze  is  being  formed  elsewhere,  and  conse- 
quently the  change  from  one  kind  of  deposit  to  another  must  depend 
on  other  conditions  besides  the  single  element  of  depth.  Still,  we 
may  be  prepared  to  find  that  the  contents  of  the  successive  deposits 
do  indicate  different  depths  of  water. 

With  respect  to  the  calcareous  earths  the  evidence  of  the  foramini- 
fera  does  not  seem  to  be  very  clear  or  definite.  Of  the  samples 
examined  by  Dr.  Brady  and  mentioned  in  his  list  three  came  from 
the  basal  beds,  while  the  other  two  came  from  higher  horizons. 
There  are  25  species  in  the  latter  which  were  not  found  in  the 
former,  but  the  fiiuna  of  the  lower  beds  is  not  so  uniform  as  to  show 
that  these  species  are  not  likely  to  occur  in  it,  for  Canefield  alone 
yielded  16  species  which  were  not  found  at  the  other  two  localities, 
while  some  of  these  16  also  occurred  in  the  higher  beds.  It  is  dear 
that,  as  Dr.  Brady  remarks,  fuller  lists  are  required,  and  all  that 
can  be  said  is  that  the  fauna  of  the  beds  at  both  horizons  is  consistent 
with  a  depth  of  from  500  to  1000  fathoms. 

Of  the  OlobigerinorTock  which  occurs  on  Bissex  Hill  and  bdongs 
to  the  higher  calcareous  horizon  Dr.  Brady  speaks  more  confidently 
as  indicating  a  depth  of  about  1000  fathoms,  and  certainly  formed 
in  open  ocean  far  away  from  land.  It  is  noteworthy  too  tixat  of  the 
salient  species  pointed  out  by  him  the  four  spedes  whose  range  is 
best  known,  viz.  MUiolina  venusta^  Oasndulina  ti^lohosa^  Polynwr' 
phina  angusUij  and  Rotdlia  Soldanii^  are  all  most  abundant  in  depths 
of  more  than  1000  fathoms. 
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The  minute,  calcareous,  stellate  particles  which  occur  so  abun- 
dantly in  the  more  chalky  beds,  and  which  appear  to  be  of  organic 
origin  (see  p.  178),  confirm  the  evidence  of  the  foraminifera,  but  do 
not  afford  any  more  precise  indication  of  the  depth  of  water,  inas- 
much as  they  occur  in  modem  Olobigerina-ooze  at  all  depths  from 
about  600  to  2000  fathoms. 

With  respect  to  the  siliceous  earths  we  have  Haeckel's  testimony 
that  the  radiolaria  suggest  depths  comparable  to  the  deepest  parts  of 
the  modem  oceans  (3000-4000  fathoms) ;  and  we  have  the  evidence 
of  the  Cystechinvs  and  of  the  diatom  Ethmodiscus,  both  of  which 
are  quite  compatible  with  a  depth  of  more  than  2000  fathoms. 

While,  therefore,  it  is  at  present  impossible  to  say  at  what  depth 
the  basal  chalky  earths  were  formed,  we  may  safely  assume  that 
the  water  became  gradually  deeper  owing  to  continued  subsidence, 
till  during  the  formation  of  the  purely-siliceous  radiolarian  earths 
its  depth  was  between  2000  and  3000  fathoms ;  that  the  movement 
was  then  reversed,  and  upheaval  brought  the  sea-floor  to  within 
1000  fathoms  of  the  surface  during  the  formation  of  the  upper  cal- 
careous beds.  The  red  clays  can  hardly  have  been  accumulated  in 
a  less  depth  than  2000  fa^oms,  and  it  is  possible  therefore  that 
they  indicate  a  second  subsidence.  Einally  we  have  the  topmost 
beds  of  Mount  Hillaby,  which  may  have  been  accumulated  in  almost 
any  depth,  but  still  at  a  distance  from  land.  Such  are  the  conclu- 
sions which  seem  fairly  deducible  from  the  evidence. 

§  5.  Stkatigbaphical  DEScniPnoir  of  the  Oceaitic  Deposits. 

(a)  Areas  of  Exposure. — The  chief  physical  feature  of  Bar- 
bados is  the  escarpment  of  coral-rock  which  was  described  in  the 
first  part  of  this  memoir.  This  embraces  and  forms  the  boundary  of 
the  area  known  as  the  Scotland  district,  and  it  is  within  this  district 
and  its  prolongation  along  the  coast  to  the  south-east  that  the  chief 
exposures  of  the  two  older  rock-groups  are  to  be  found. 

At  each  end  of  the  area  above  indicated  (see  Map,  facing  page 
202)  the  Oceanic  Beds  are  found  at  the  sea-level ;  toward  the  centre 
of  the  island,  between  Mount  Chimborazo  and  Mount  Hillaby,  their 
base  rises  to  between  800  and  900  feet  above  the  sea. 

At  the  southern  end  of  the  narrow  strip  of  ground  which  lies 
between  the  sea  and  the  high  plateaux  of  coral-rock  in  the  parish 
of  St.  John's,  the  lower  platforms  of  coral-rock  terminate  in  a  low 
semicircular  escarpment.  Beneath  this  are  slopes  formed  by  the 
outcrop  of  the  white  earths  of  the  Oceanic  Series,  and  these  slopes 
enclose  a  valley  which  opens  north-eastward  into  Conset  Bay  and 
along  which  the  Scotland  Beds  are  exposed. 

Prom  Godrington  and  Conset  Bay  the  Oceanic  Deposits  occupy 
most  of  the  ground  between  the  coast  and  the  great  escarpment,  as 
far  as  Conger  Eock  and  Newcastle  estate ;  a  powerful  fault  then 
brings  up  the  Scotland  Series  and  throws  back  the  base  of  the  white 
earths  to  a  height  of  about  200  feet  above  the  sea,  where  they  form 
a  narrow  strip  of  ground  beneath  the  lowest  terrace  of  coral-rock. 

p2 
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This  strip  has  been  traced  for  nearly  a  mile  to  Foster's  Hall  Wood, 
beyond  which  it  seems  to  run  in  under  the  coral-rock. 

The  white  earths  are  brought  in  again  by  a  fault  which  strikes 
south-westward  from  near  Bathsheba  Station.  From  this  fault  they 
run  westward,  forming  a  slope  which  is  nearly  half  a  mile  in  breadth, 
with  a  dip  to  the  south-east.  At  the  same  time  the  base  of  the 
Oceanic  Series  rises  rapidly  to  the  west,  from  a  low  level  near 
Bathsheba  to  a  height  of  about  900  feet  between  Horse  Hill  and 
Little  Island,  where  it  runs  under  the  coral  escarpment.  Another 
fault,  however,  brings  it  down  again  below  Little  Island  and  Castle 
Grant. 

By  Chimborazo  and  Maynard's  a  large  tract  of  these  deposits  is 
brought  in  between  two  great  faults,  and  another  long  tract  runs 
from  Bloomsbur}'  by  Mallard's  to  Spring  Vale,  being  separated  from 
the  Maynard  area  by  a  long  narrow  strip  of  Scotland  Clays,  which 
can  be  clearly  traced  when  the  sugar-canes  are  off  the  fields.  In 
both  these  tracts  the  prevalent  dip  is  to  the  south-east. 

West  of  the  Caledonia  fault  there  is  only  a  narrow  tract  of 
Oceanic  Deposits  below  the  coral-rock,  and  for  about  half  a  mile 
they  still  dip  to  the  S.E. ;  on  Highland  estate  a  change  occurs,  and 
thence  by  Canefield  and  Mount  Misery  the  beds  dip  to  the  north-east, 
the  outcrop  at  the  same  time  spreading  out  till  it  is  three-quarters 
of  a  mile  wide. 

A  fault  runuing  E.N.E.  from  Farmer's  Gully  then  throws  the  beds 
up  to  a  higher  level,  and  with  a  N.N.W.  dip  they  spread  over  the 
tract  east  of  Farmer's  and  Hillaby,  which  extends  to  Mount  Hillaby, 
the  highest  point  of  the  island.  Here  there  are  cross  faults,  and  the 
dips  on  Mount  Hillaby  are  eastward.  The  tract  is  bounded  on  the 
north  by  a  powerful  fault,  which  completely  cuts  out  the  white 
earths  and  brings  up  the  Scotland  Sandstones. 

The  next  tract  of  the  Oceanic  Beds  is  brought  in  by  a  fault  which 
runs  from  below  Spring  Mill  to  Swann's  estate  in  a  N.E.  direction. 
This  tract  is  a  mile  wide  along  the  line  of  the  fault  and  extends  for 
about  2|  miles  to  the  north,  but  as  the  beds  dip  steadily  to  the 
south-east  the  base  rises  northward,  while  the  base  of  the  coral-limo- 
stones  descends,  so  that  eventually  the  exposure  of  white  earths  is 
reduced  to  a  very  narrow  strip. 

Below  Prospect,  however,  a  wider  area  of  them  is  again  brought 
in  by  a  fault  which  strikes  nearly  due  east  and  west,  with  a  down- 
throw to  the  north.  In  this  area  the  dip  is  also  to  the  south-east, 
and,  like  the  last,  it  narrows  northward  from  Cleland  and  Bredy's 
till  its  base  finally  passes  beneath  the  descending  coral-rock  escarp- 
ment near  Mount  Stepney. 

Once  more  are  the  Oceanic  Beds  brought  in  by  a  downthrow 
about  half  a  mile  from  Grant's  Bay,  where  they  are  exposed  in  the 
cliffs  and  pass  under  the  coral-rock  by  the  promontory  known  as 
Pico  Teneriffe. 

(b)  Snblying  Areas. — ^The  tracts  which  have  been  mentioned 
are  those  which  emerge  from  beneath  the  escarpment  of  the  coral- 
rock.     They   are,  of  course,  portions  of  larger  areas,   parts  of 
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which  aro  concealed  beneath  the  newer  limestones.  Thus  the 
tract  which  borders  the  coral-rock  from  Sealy  Hall  to  Newcastle 
donbtless  extends  a  long  way  westward  beneath  the  coral-lime- 
stones. The  accnracy  of  this  inference  is  proved  by  such  well- 
sections  as  we  were  able  to  obtain  information  about ;  at  Kaynesfield, 
two  miles  south-west  of  Newcastle,  the  well  was  carried  into 
radiolarian  earth  at  about  150  feet,  and  a  boring  made  for  the 
Water  Supply  Company  near  Lightfoot's  proved  18  feet  of  the  red 
days  beneath  the  corals,  and  radiolarian  earth  below  them.  It  is 
probable,  therefore,  that  nearly  the  whole  of  the  coral-limestone 
area  in  St.  John's  parish  is  underlain  by  Oceanic  Deposits.  They 
also  extend  under  the  lower  plateau  by  St.  Mark's  Church  to  Bay- 
field and  Sheete's  Bay,  where  a  small  tract  of  them  is  exposed  by 
erosion.  A  little  south  of  this  there  is  another  inlier  by  Three 
Houses;  and  stiU  farther  south,  on  the  borders  of  Chnstchurch  parish, 
between  Hopefield  and  Loamfield,  there  is  another  inlying  area  ex- 
posed by  removal  of  the  coral-rock.  The  probable  structure  of  the 
Christchurch  ridge  was  illustrated  by  fig.  9  of  the  first  part  of  this 
memoir. 

Passing  now  to  the  northern  part  of  the  island,  the  occurrence  of 
radiolarian  earths  at  Percy's  Spring,  and  thence  up  the  guUy  to 
Canefield,  shows  that  a  considerable  mass  of  these  deposits  underlies 
the  coral-rock  of  that  district.  This  mass  is  probably  bounded  on 
the  north  by  the  Farmer's  Gully  fault,  and  on  the  east  by  a  con- 
tinuation of  the  Caledonia  fault. 

How  far  the  Spring  and  Sedge  Pond  area  extends  westward  we 
have  no  evidence,  but  since  there  is  a  westerly  slope  beneath  the 
coral-rocks  and  the  Oceanic  Beds  dip  to  the  S.E.,  the  base  of  the 
latter  would  probably  be  brought  up  within  a  short  distance.  A 
boring  at  Bock  Dundo,  however,  proved  the  existence  of  another 
sublying  area  of  Oceanic  earths  at  a  level  of  only  263  feet  above 
the  sea  (see  Part  I.  fig.  6). 

With  regard  to  the  westerly  extension  of  the  Cleland  area,  we 
have  interesting  evidence  from  information  furnished  to  us  by 
Mr.  E.  Easton,  C.E.,  as  to  boriugs  made  through  the  coral-rock 
near  Welsh  Town.  These  disclosed  the  existence  of  a  ridge  of  the 
Scotland  Clays  dose  to  the  surface  by  Welsh  Town,  but  sloping 
steeply  to  the  north-west  beneath  coral-rock  which  gets  gradually 
thicker  till,  near  Alexandria,  it  is  150  feet  deep,  with  the  clays  still 
below  it.  South-eastward  the  Oceanic  Deposits  come  in  between 
the  days  and  the  coral-rock,  as  shown  in  fig.  1  (see  next  page). 

Most  of  the  extreme  northern  end  of  the  island  seems  to  be 
underlain  by  Scotland  Clays  and  Sandstones,  for  these  beds  come 
to  the  surface  in  two  localities;  but  along  the  north-eastern 
coast  there  are  several  exposures  of  Oceanic  Deposits,  one  round 
Laycock  Bay,  two  smaller  ones  near  Lowland,  another  between 
Islioot  and  River  Bay,  and  finally  a  narrow  strip  on  the  coast  north 
of  ClufTs.^  It  is  noteworthy  that  if  the  Boscobelle  fault  were  pro- 
longed north-westward  to  near  duff's  all  these  exposures  would  lie 
1  These  plaoee  lie  to  the  north  of  the  area  included  in  the  Map  facing  p.  202. 
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on  one  side  of  it  and  all  the  exposnreB  of  Scotland  rocks  would  lie 
on  the  other  side,  making  it  very  probable  that  the  structure  of  the 
Boscobelle  and  Grant's  Bay  area  is  continued  to  the  north-west 
below  the  coveriug  coral-limestones. 

Pig.  1. — Section  through  WeUh  Town  and  Grenade  Hall. 

N.W.  S.E. 

Near  Welsh  Grenade 

Alexandria.  Town.  Hall. 


•^^^^^ rCir^zr-:::::^^  :>.:,■ 


[Distance :  one  mile  and  a  half.] 

Vertical  scale :  1600  feet  =  1  inch. 

S.  Scotland  Beds.    O.  Oceanic  Beds.    0.  Ooral-rock. 

(c)  Outliers. — Besides  the  tracts  which  have  been  indicated,  de- 
tached and  outlying  patches  of  the  Oceanic  Series  cap  some  of  the 
hills  within  the  Scotland  district  (see  Map,  facing  p.  202).  The 
largest  and  most  conspicuous  of  these  outliers  is  that  which  forms 
Bissex  Hill,  its  summit  rising  to  966  feet  above  the  sea.  The  length 
of  this  is  about  one  mile,  with  an  extreme  width  of  three-quarters  of 
a  mile  ;  the  beds  seen  everywhere  dip  to  the  northward,  and  their 
base  descends  from  between  760  aud  770  feet  at  the  south- western 
comer  of  the  hill  to  about  380  feet  at  the  northern  end  of  the  outlier, 
giving  a  dip  of  about  6°  to  the  north. 

North-east  of  Bissex  Hill  are  three  smaller  outliers,  evidently  once 
connected  with  the  larger  one ;  north-west  are  two  others  at  about 
350  feet ;  and  east  of  its  southern  border  are  three  others  at  eleva- 
tioDS  of  between  500  and  600  feet. 

The  physical  conformation  of  the  country  makes  it  dear  that  this 
group  of  outliers  was  originally  connected  with  the  Chimborazo 
area,  for  the  distance  between  them  is  only  a  mile  and  there  is 
still  a  complete  connecting  ridge  from  Melvin's  Hill  (below  Chim- 
borazo) to  the  foot  of  Bissex  Hill.  The  road  from  one  place  to  the 
other  is  carried  along  this  ridge,  and  the  traveller  looks  down  on 
either  side  into  valleys  that  are  300  to  400  feet  deep ;  consequently 
no  geologist  can  doubt  that  the  isolation  of  Bissex  Hill  is  due  to  the 
removal  of  material  from  this  watershed  by  the  action  of  rain. 

Chalky  Mount,  to  the  north  of  Bissex  and  only  half  a  mile  from 
the  coast,  consists  mainly  of  hard  Scotland  Sandstones,  but  the  cen- 
tral hill  (551  feet)  has  a  capping  of  white  Oceanic  earth  and  there 
are  still  smaller  patches  on  the  two  minor  peaks  to  the  northward. 

The  only  other  outlier  that  came  under  our  notice  is  near  Bosco- 
boUe,  and  is  brought  in  by  the  same  fault  as  that  which  carries  the 
Oceanic  Beds  down  to  the  sea-level  at  Grant's  Bay,  but  it  is  separated 
from  that  area  by  a  deep  valley  cut  in  the  Scotland  Sandstones. 


Digitized  by  VjOOQ IC 


OK  THE  QEQLOQY  OF  BARBADOS.  205 

(d)  Description  of  Beds  at  certain  Irrealities.— (7ocf- 

ringion, — One  of  the  most  accessible  localities  from  Bridgetown  is  the 
neighbourhood  of  Godrington  College  and  Conset  Bay,  along  the  coast 
of  which  the  railway  is  carried.  In  the  siding  which  leads  to  the 
sugar-mill  on  the  College  estate,  the  basal  beds  of  the  Oceanic  Series, 
heavy  greyish-white  chalky  limestones,  are  seen  resting  upon  the  dark 
sandy  clays  of  the  Scotland  Series,  and  dipping  at  about  8°  W.N.W. 
The  same  beds  are  visible  on  the  slope  of  the  valley  below  the  mill, 
and  can  be  traced  for  about  a  quarter  of  a  mile  up  the  valley 
towards  the  College.  The  slope  above  consists  of  calcareous  and 
siliceous  earths,  the  latter  pure  white  and  of  small  specific  gravity  ; 
while  just  below  the  College  garden  is  an  outcrop  of  a  mottled 
yellowish-white  marl,  chalky,  and  containing  foraminifera  in  fair 
abundance.  There  are  also  traces  of  soft  reddish  clay  just  below 
the  coral-rock,  by  the  College  itself.  The  difference  of  level  be- 
tween the  base  and  the  College  is  probably  150  feet  and  the  distance 
about  1000  feet,  which,  with  a  dip  of  6°,  will  bring  in  105  feet,  so 
that  the  total  thickness  here  may  be  250  feet. 

The  railway-cutting  which  extends  from  the  end  of  the  Codrington 
siding  to  the  northward  shows  a  curious  section ;  at  its  southern 
end  there  are  beds  of  siliceous  earth  like  those  seen  in  the  Cod- 
rington valley,  dipping  W.N.W.  at  8°,  and  these  continue  for  about 
a  quarter  of  a  mile,  when  at  a  place  known  as  *  Burnt  Hill  *  the 
dip  suddenly  increases  to  about  20%  and  the  white  earth  passes  into 
a  broken  mass  of  black  rocks  saturated  with  petroleum.  These 
broken  beds  continue  for  about  100  yards,  when  the  petroleum  dis- 
appears and  the  radiolarian  beds  resume  their  natural  hue,  dipping 
W.N.W.  steeply  at  first,  but  gradually  decreasing  to  an  angle  of  10°. 
Burnt  Hill  is  evidently  on  a  line  of  fault  and  fracture,  for.  the 
Scotland  Beds  can  be  seen  here  and  there  at  the  base  of  the  broken 
mass,  and  it  is  doubtless  along  the  fault  that  the  petroleum  has 
risen  to  the  surface.  The  tradition  that  this  hill  was  once  on  fire 
is  confirmed  by  the  red  and  cindery  look  of  the  radiolarian  rock  at 
the  top  of  the  hill,  some  portions  of  it  being  actually  vitrified. 

About  150  yards  north  of  Burnt  Hill  is  a  deep  gully  running  in 
from  the  shore  to  the  south-west,  with  very  steep  sides,  which  expose 
an  excellent  section  of  the  Oceanic  Deposits  and  show  a  thickness 
of  about  70  feet.  The  beds  are  markedly  stratified,  and  in  the  lower 
part  consist  of  alternating  soft  and  hard  layers,  the  latter  being  4 
to  6  inches  thick  and  occurring  at  intervals  of  4  or  5  feet.  The  base 
is  not  seen,  but  the  lowest  beds  are  greyish  white  and  calcareous, 
containing  about  46  per  cent,  of  calcium  carbonate,  and  these  are 
succeeded  by  less  calcareous  beds  for  about  20  feet ;  lying  on  these 
is  a  layer  of  hard,  dark-brown,  gritty  marl,  consisting  largely 
of  angular  cr}'stalline  grains  of  felspar ;  *  the  next  10  feet  consist 
of  white  siliceous  radiolarian  earth;  and  then  comes  a  thin  layer 
(3  to  4  inches)  of  grey  sand,  consisting  entirely  of  broken  crystals  of 
felspar  and  powdered  fragments  of  pumice.  Many  of  the  same  broken 
crystals  are  scattered  through  the  beds  above  and  below  these  two 
^  This  horizon  is  probably  70  or  80  feet  above  the  base  of  the  series. 
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gritty  layers,  imparting  a  gritty  character  to  them.  The  beds  dip  nni- 
formly  W.N.W.,  the  average  inclination  being  25°,  though  the  angle 
seems  to  vary  somewhat  and  there  area  fewsomll  faults.  Abovethebed 
of  grey  sand  there  are  white  siliceous  earths  exposed  for  30  or  35  feet. 
BcUh  and  Quintynes. — ^From  this  gully  to  the  16th  milestone  on 
the  railway  the  exposures  of  the  white  earths  are  similar  to  the 
above,  but  the  dip  is  less,  about  8°  or  10°  W.N.W.  At  the  16th 
milestone  the  railway  cuts  through  the  side  of  a  hill  and  shows 
a  section  of  about  70  feet  of  radiolarian  earths,  capped  by  an  out- 
lying patch  of  coral-rock.  At  the  southern  end  of  this  section  the 
beds  dip  S.E.  about  10°,  but  in  a  littie  distance  this  dip  suddenly 
increases  to  80°  and  the  beds  are  cut  off  by  a  fault. 


S.E. 


Fig.  2. — Section  along  Railway  near  Baih. 


N.W. 


[DiBtanoe :  145  yards.] 

Horizontal  scale :  40  yards  =  1  inch.    Vertical  scale :  200  feet  =  1  inch. 

a.  Siliceous  earths,    h.  Brown  layer,    c.  Coral-rock.    T.  Talus.    F.  Fault 

A  brown  gritty  layer,  like  that  in  Conset  Gully,  is  seen  on  both 
sides  of  the  fault  and  proves  its  throw  to  be  between  60  and 
70  feet  (see  fig.  2).  The  Scotland  Beds  must  be  near  the  level  of  the 
line  on  the  north-west  side  of  the  fault,  but  are  concealed  by  the 
talus.  They  are,  however,  exposed  over  a  small  area  of  ground  east 
of  Quintynes. 

The  same  portion  of  the  Oceanic  Series,  including  the  brown 
layer,  is  exposed  in  the  cutting  north  of  this  tract,  where  the  beds 
dip  at  about  30°  N.W. ;  and  a  little  farther  on  is  another  cutting  which 
shows  an  anticlinal  curve  in  the  same  beds,  with  dips  of  40^  to  S.E. 
and  30°  to  N.W. 

Cattle  Orant  and  Chimhorazo. — ^The  Oceanic  Deposits  form  a 
steep  slope  below  the  coral  cliffs  on  Little  Island  and  Castle  Grant 
estates.  At  the  opening  of  the  deep  gully  which  separates  these 
two  estates  the  coral-rock  rests  upon  a  soft,  soapy,  yellowish  earth 
which  looks  like  a  marl,  but  is  purely  siliceous  and  entirely  free  from 
lime,  whether  combined  as  a  carbonate  or  a  silicate.  A  little  lower 
down  red,  pink,  and  yellow  earths,  of  a  similar  nature,  can  be  seen 
in  a  pathway,  and  still  lower  a  steep  slope  on  Castie  Grant  estate 
shows  the  foUowing  succession  : — 


White  siliceous  radiolarian  earth,  with  large  globular  concre- 
tions of  bluish  chert  from  6  to  12  inches  in  diameter,  about 

Gritty  beds,  consisting  of  radiolarian  debris  mixed  with  mine- 
ral grains ;  these  beds  include  a  layer  of  grey  sand  and  one 

of  brown  marl 

Firm  white  oalcareo-siliceous  earth about 


feet 
20 


10 
40 
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The  base  is  not  seen,  for  the  boundary  appears  to  be  a  fault,  but 
a  strong  spring  issues  at  or  near  their  junction  with  the  black  bitu- 
minous days  of  the  Scotland  Series.  There  have  been  many  slips 
down  the  slope,  but  the  true  dip  seems  to  be  a  fairly  steep  one,  12° 
or  16°  to  the  south-east.  The  lowest  beds  seen  yielded  on  analysis 
67  per  cent,  of  carbonate  of  Hme,  and  are  therefore  more  calcareous 
than  the  greyish  beds  near  the  base  of  the  series  by  Conset  Bay, 
though  not  so  chalky  as  the  basement- bed  there ;  we  infer  that  they 
are  about  20  or  25  feet  from  the  base. 

West  of  Castle  Grant  the  cliif  of  coral-rock  ends  suddenly,  the 
border  of  the  coral  retreating  to  the  gully  below  NicoUs,  and  from 
beneath  it  rises  a  mass  of  red,  pink,  and  yellow,  soft  argillaceous 
earth,  which  is  purely  siliceous  though  almost  destitute  of  radiolaria. 

Fig.  3. — Section  from  Chimborazo  to  Castle  Grant, 
N.W.  S.B. 

Chimborazo.  Oastle  Grant. 


[Distaiioe  one  mile.] 

(L  Scotland  Beds.  e.  Coloured  clays. 

b.  White  earths.  d»  Coral-rock. 

These  days  appear  to  have  a  thickness  of  about  40  feet,  and  are 
succeeded  to  the  westward  by  the  dark,  sandy,  bituminous  clays  of 
the  Scotland  Series,  which  thus  rise  to  the  top  of  the  slope  about  3 
furlongs  north-west  of  Castle  Grant. 

The  yellow  earths  have  the  appearance  of  overlying  the  Scotland 
Clays  by  the  road,  but  we  believe  they  are  faulted  against  one 
another  (see  fig.  3),  for  otherwise  we  cannot  account  for  the 
white  earths  which  underlie  the  coloured  group  everywhere  else. 
The  level  of  the  outcrop  of  these  red  clays  west  of  Castle  Grant  is 
about  1050  feet. 

from  this  point  the  Scotland  Beds  form  the  whole  of  the  main 
ridge  and  slope  as  far  as  Chimborazo  Mill,  the  outcrops  of  the 
Oceanic  Deposits  being  thrown  back  to  the  southward  and  forming 
a  second  escarpment  of  moderate  height,  capped  by  a  low  diff  of 
coral-rock. 

Below  Chimborazo  House  another  fault  brings  in  a  greater  thick- 
ness of  the  series,  the  base  of  the  Oceanic  Deposits  lying  some  way 
down  the  northern  and  western  slopes  of  the  hill.  The  result  of  this 
and  the  Castle  Grant  fault  has  been  to  lift  a  block  of  the  Scotland  rocks 
to  a  high  level  between  the  two  tracts  of  Oceanic  Deposits  (as  shown 
in  fig.  3).  In  the  hollow  where  the  fault  runs  there  are  red  and 
yellow  days  probably  faulted  in,  but  their  occurrence  shows  that 
the  total  throw  is  about  240  feet. 
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The  dweUing-house  at  Chimborazo  stands  on  a  small  ontlier  of 
coral-rock,  the  surface  of  which  is  just  1100  feet  above  the  sea; 
another  knoll  to  the  north  of  this,  and  only  a  few  feet  less  in  elevation, 
consists  of  dark  red  and  yellow  earths  belonging  to  the  ai^^aceous 
group  of  the  Oceanic  Series  (20  or  30  feet  thick)  resting  on  white 
siliceo- calcareous  earth,  below  which  is  purely-siliceous  radiolarian 
earth. 

The  ridge  connecting  these  knolls  is  traversed  by  a  road,  the 
cutting  for  which  shows  the  following  beds  : — 

feet. 

Whitish  radiolarian  earth,  of  small  specific  graTity   5 

Bedded  yellowish-white  marl   4 

Hard  brown  marl,  slightly  gritty Oi 

Firm  yellowish  marl,  with  patches  of  small  brownish  particles        l| 

AH  these  beds  contain  radiolaria,  and  dip  at  2°  or  3°  to  the  souths 
east. 

The  road  on  which  this  section  is  seen  joins  (ihe  main  road  that 
runs  northward  down  the  slope  of  the  escarpment,  and  the  cuttings 
for  this  show  the  middle  and  lower  beds  of  the  Oceanic  Series  down 
to  the  very  base,  the  total  thickness,  including  the  Chimboraso 
section,  being  apparently  about  250  feet. 

In  the  highest  part  of  the  road-cutting  there  is  greyish  gritty 
earth,  including  a  layer  of  bluish-grey  sand  about  5  feet  thick,  which 
examination  has  shown  to  be  mainly  pumiceous.  Below  this  is 
whitish  siliceous  earth  of  small  specific  gravity,  with  some  con- 
centric ferruginous  stainings  and  occasional  pipings  of  a  buff- 
coloured  material ;  these  beds  include  a  thin  layer  of  grey  marl. 
The  road  then  crosses  a  combe  and  passes  by  cottages  where 
no  section  is  visible,  probably  hiding  the  Castle  Grant  gritty  beds. 
Opposite  the  Schoolhouse  a  cutting  in  the  lower  spur  of  the  hill  shows 
whitish  and  somewhat  calcareous  earth ;  just  below  this,  where  a  road 
branches  off,  the  basal  beds, white,  chalky,  and  heavy,  are  seen  resting 
on  dark  sandy  clay.     This  place  is  known  as  Melvin's  HiU. 

Canefield  and  Porey's  Spring.  — On  the  Canefield  estate  the  basal 
beds  are  very  chalky,  containing  83  per  cent,  of  calcium  carbonate ; 
they  are  quarried  and  are  used  by  the  coopers  on  this  and  other 
estates  instead  of  imported  EngUsh  chalk.  The  higher  slopes 
consist  of  siliceous  earths,  and  the  highest  ridge  on  the  neighbouring 
estate  of  Highland  is  capped  by  a  mass  of  chocolate-red  argillaceous 
earth.  The  Oceanic  Deposits  are  exposed  along  the  floor  of  the  deep 
gully  which  cuts  through  the  escarpment  of  the  coral-rock  between 
Canefield  and  Mount  Misery,  and  can  be  seen  at  intervals  as  far  as 
Porey's  Spring,  a  distance  of  about  a  mile.  Their  continuity,  how- 
ever, appears  to  be  broken  by  faults ;  the  basal  chalky  beds  are 
exposed  by  the  side  of  a  cross-road  about  a  quarter  of  a  mile  from 
the  top  of  the  gully,  but  a  little  farther  there  is  siliceous  earth 
dipping  to  the  N.N.W. 

In  the  main  road  south  of  Porey's  Spring  there  is  white  siliceous 
earth  dipping  to  the  N.N.W.  at  4°  or  5^,  covered  by  coral-rock,  and 
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farther  np  the  hill  a  little  of  the  fine  soft  red  clay  comes  in  between 
the  white  earth  and  the  coral,  showing  these  to  be  the  highest  white 
earths,  though  they  are  here  300  feet  lower  than  their  level  at  Cane- 
field. 

Mount  HiUahy. — As  already  stated  on  p.  202,  the  greater  part  of 
the  Hillaby  area  lies  between  two  nearly  parallel  faults  with  up- 
throws to  the  north,  the  beds  themselves  dipping  to  the  N.N.W. ; 
but  the  highest  part  of  Mount  Hillaby  seems  to  be  a  faulted  trough, 
which  not  only  forms  the  highest  ridge  in  Barbados,  but  contains  a 
greater  thickness  of  the  Oceanic  Series  than  is  elsewhere  preserved. 

"We  found  that  an  ascent  from  near  Airy  Cot,  on  the  south  side  of 
the  hill,  gave  us  the  best  due  to  its  structure.  Just  north  of  the 
Schoolhouse,  on  the  road  to  Airy  Cot,  a  fault  brings  up  the  Scotland 
Sandstones,  and  Airy  Cot  Mill  stands  on  them.  North  of  and  dose 
by  the  Mill  the  chalky  basal  beds  of  the  Oceanic  Series  come  in  at  a 
levd  of  about  905  feet,  and  they  extend  up  the  slope  to  about  940 
feet ;  then  come  white  siliceous  earths  with  a  moderate  proportion 
of  carbonates,  passing  up  into  purer  siliceous  earths  which  reach  to 
about  1040  feet,  with  a  N.N.W.  dip;  they  must  be  over  100  feet  in 
thickness.  Above  are  siliceous  beds  with  some  calcareous  matter 
reaching  to  1070  feet,  at  which  height  an  exposure  shows  four  layers 
of  grey  felspathic  and  pumiceous  grit  alternating  with  layers  of  white 
radiolarian  earth ;  the  gritty  layers  vary  from  6  inches  to  2|  feet 
in  thickness,  and  the  depth  of  the  exposure  is  about  9  feet, 
while  the  dip  is  about  8°  N.N.W. 

Above  these  come  thick  blocky  beds  of  tough  calcareous  earth 
having  the  aspect  of  chalk,  and  these  continue  to  the  top  of  the 
southern  peak  at  a  height  of  1095  feet.  We  took  samples  from  this 
sumxnit  and  from  points  at  5, 10, 20,  and  30  feet  below  it.  In  some 
of  these  buff-coloured  pipings  occur,  and  small  lumps  of  limonitic 
oxide  of  iron  are  not  unfrequent  here  and  elsewhere. 

On  the  next  peak  to  the  north-east  these  chalky  beds  are  covered 
by  red  and  pink  soft  argillaceous  earths  like  those  of  Castle  Grant, 
and  these  also  dip  to  the  N.N.W.  A  sudden  change  of  dip  then 
takes  place,  owing  doubtless  to  a  fault,  and  the  beds  north-east  of 
its  course  dip  eastward.  The  northern  part-s  of  the  hill  show  red 
earths  dipping  first  E.S.E.  and  then  east,  and  the  path  up  to  the 
highest  peak  (1104  feet)  shows  the  top  of  these  red  clays  dipping 
S.S.E.  at  about  60°  and  succeeded  by  some  2b  feet  of  grey  siliceous 
volcanic  muds,  the  lower  beds  being  finely  laminated  in  dark  and 
light  grey  layers,  and  including  a  layer  of  fine  whitish  clay  about  a 
foot  tibidk.     The  highest  beds  are  firm  and  blocky. 

The  same  volcanic  muds  are  found  on  the  north-eastern  peak, 
dipping  E.S.E.  at  about  15°.  The  material  of  these  beds  is  fine  and 
firm,  and  suffidently  hard  to  be  used  locaUy  for  walling  purposes,  but 
near  the  top  there  is  a  thin  layer  (1|  inch)  of  coarse  felspathic  grit. 

Passing  westward  and  recrossing  the  line  of  fault,  we  came  upon 
a  mass  of  coloured  clays,  red,  pink,  yellow,  and  white,  dipping  as 
before  to  the  N.N.W.,  but  at  a  higher  angle  (about  40°),  and  a 
thickness  of  at  least  50  feet  of  them  could  be  measured. 
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The  complete  succession  on  Mount  Hollaby  we  estimate  as  fol- 
lows : — 

feet 
Grey  Yoloanic  mudstoneB 25 


Very  fine-erained  argillaoeous  earths,  red,  pink,  and 


ane-eraini 
owiBn,  oft 


yellowiBn,  often  mottled 


m 


Chalky  earths  and  marls 25 

Galoareo-silioeous  earths,  with  layers  of  pumioeous 
S^3     sand , 45 


Pure  siliceous  radiolarian  earths ISO 


Oalcareo-siliceous  earths,  passing  down  into  chalky 
earths 40 


^  Scotland  Beds. 


325 


Checking  this  by  the  dip  and  linear  distance,  we  find  the  horizon- 
tal distance  between  the  base  and  the  south-western  peak  to  be  about 
800  feet,  and  taking  the  average  dip  to  be  6°  this  would  bring  in  84 
feet,  while  the  difference  of  level  is  190  feet — ^the  total  amounting 
to  274  feet,  compared  with  our  estimate  of  235  feet.  The  total 
thickness  would  in  this  way  be  increased  to  359  feet,  and  may  safely 
be  considered  as  between  320  and  350  feet. 

On  the  published  map  only  one  fault  is  drawn  through  Mount 
Hillaby,  for  the  eastern  slope  is  so  obscured  by  slips  and  broken 
debris  that  its  structure  is  uncertain.  The  base  or  limit  of  the  white 
earths  is  fairly  clear  on  the  road  to  Mount  All,  but  on  the  south-eastern 
slope  it  seems  to  run  a  long  way  towards  Groves.  At  the  time,  we 
took  the  material  seen  near  Groves  to  be  the  result  of  landslips  ;  but 
we  are  now  inclined  to  think  that  much  of  it  is  in  place,  and  that  it 
lies  outside  a  second  fault  which  curves  round  to  form  the  boundary- 
line  along  the  north-eastern  side  of  the  hill  (see  Map,  facing  p.  202). 
It  is  difficult  to  understand  the  high  dips  of  the  central  part  of  the 
hill  without  such  a  troughed  piece  as  is  shown  in  the  sketch- 
section,  fig.  4,  p.  211. 

In  such  a  faulted  trough,  narrowing  southwards,  the  strata  at  the 
narrow  end  are  likely  to  be  pinched  and  tilted,  which  will  account 
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for  the  much  higher  dips  found  at  the  south  than  at  the  north  end 
of  the  hill,  and  it  is  very  probable  that  the  axis  of  the  trough  is  in- 
clined southward,  which  will  explain  the  southerning  in  the  E.8.E. 
and  S.S.E.  dips. 


Pig.  4. — Section  through  Mount  Hillahy. 
^•^-  N.E. 


[Distance :  one  mile.] 

a,  Seotland  Beds.  c.  Coral-rock. 

b.  Oceanic  Beds.  F.  Faults. 


Cleland  and  Fhrley  Bill. — We  did  not  find  any  good  sections  in 
the  district  below  Spring  Head  or  near  Sedge  Pond ;  but  an  excel- 
lent section  is  exposed  in  the  next  area,  along  the  road  which  leads 
by  Cleland  to  Parley  Hill.  South  of  Cleland,  and  at  a  place  known 
as  Cockcrow  Eock,  the  base  of  the  Oceanic  Deposits  can  be  seen 
resting  on  the  Scotland  Sandstones  and  consisting  of  a  hard,  splintery 
white  limestone  with  a  roughly  conchoidal  fracture;  this  bed  is 
12  to  15  inches  thick,  and  is  succeeded  by  a  hard  white  chalky  rock, 
which  is  about  5  feet  thick  and  contains  nearly  66  per  cent,  of 
carbonate  of  Hme.  Above  this  are  20  to  30  feet  of  calcareo- 
idliceous  earth,  and  then  thick  beds  of  siliceous  radiolarian  earth. 
Near  the  top  of  the  hill  calcareous  beds  come  in  again,  as  at  Mount 
Hillahy,  the  highest  10  feet  consisting  of  some  of  the  purest  chalk 
in  the  island,  samples  of  white  chalk  ^om  here  containing  about  80 
per  cent,  of  carbonate  of  lime  and  enclosing  many  foraminifera. 
These  beds  are  found  just  below  the  coral-rock.  The  total  thickness 
is  probably  over  200  feet. 

The  dip  near  Cleland  and  Bredy's  seems  to  be  to  the  S.£.,  and 
consequently  the  base  or  boundary-line  rises  northward  from 
Bredy's  estate,  where  it  is  at  about  300  feet,  to  a  high  level  under 
Cherry  Tree  Hill.  At  the  latter  place  the  lower  calcareous  beds 
can  be  seen  resting  on  Scotland  Beds  and  dipping  to  the  north- 
east ;  from  the  base  of  these  to  that  of  the  coral-rock  above  the 
total  thickness  is  not  more  than  40  feet,  and  a  little  farther  north 
the  Oceanic  Beds  disappear  entirely  beneath  the  coral  escarpment,, 
which  then  rests  on  Scotland  Beds. 

Grants  Bay. — ^North-east  of  St.  Philip's  Church  the  Oceanic  Beds 
are  brought  in  again  by  a  fault,  and  extend  thence  to  Grant's  Bay, 
an  the  coast  just  south  of  the  point  called  Pico  Teneriffe.  Schom- 
bnrgk  correctly  states  that  this  promontory  consists  of  the '  Infusorial 
Earth,'  but  he  does  not  mention  its  highly  calcareous  and  chalky 
nature,  the  proportion  of  calcium  carbonate  in  the  lower  beds  being 
73  per  cent.     These  pass  up  into  more  siliceous  earths,  and  about 
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100  feet  are  cut  through  in  the  valley  south  of  the  bay,  exposures 
occurring  at  intervals.  In  the  cliff  at  Pico  Teneriffe  about  50  feet 
are  seen,  the  beds  dipping  at  a  low  angle  to  the  N.N.E.,  and 
underlying  a  plateau  of  coral-rock,  the  base  of  which  gradually 
slopes  northwiurd  till  it  reaches  the  sea  in  Gay's  Cove. 

Biaeeof  EiU. — The  deposits  which  form  this  outlier  present  some 
interesting  local  peculiarities.  A  good  section  is  afforded  by  the 
cutting  for  the  road  that  is  carried  up  the  southern  face  of  the 
hill.  On  this  the  usual  chalky  basement-beds  occur  at  a  level  of 
765  feet,  passing  up  into  greyish-buff  calcareo-siliceous  beds  in 
alternating  hard  and  soft  courses.  The  beds  dip  into  the  hill  at  an 
angle  of  5°  or  6° ;  and  the  brown  gritty  layer,  which  occurs  about 
80  feet  up  in  the  series,  crosses  the  roadway  about  30  feet  vertically 
above  the  level  of  the  base.  Above  this,  white  siliceous  beds  con- 
tinue for  some  distance,  but  about  140  feet  (vertically)  above  the 
base  a  hard  bluish-grey  limestone  more  than  a  foot  thick  occurs  in 
the  bank  and  weathers  out  in  large  blocks,  some  of  which  have 
been  carried  up  to  the  hill-top  and  used  both  for  building  and  for 
road-metal.  Above  this  again  siliceous  earths  can  be  seen  for  about 
10  feet ;  but  the  higher  part  of  the  hill  is  covered  with  a  yellowish 
granular  marl,  with  layers  and  concretionary  lumps  of  harder 
yellowish  granular  marlstone,  which  prove  to  consist  entirely  of 
foraminifera  and  chiefly  of  Olohigerina  loosely  compacted  by  a 
calcareous  cement. 

The  highest  knoll  or  summit,^  on  which  the  flagstaff  is  placed, 
consists  of  firm  foraminif eral  marl,  or  what  might  be  called  a  soft 
marlstone,  and  the  surface  of  this  is  covered  with  blocks  of  hard 
yellowish  fossilif erous  limestone.  These  blocks  are  of  all  lengths 
up  to  about  2|  feet,  and  as  they  were  found  to  consist  chiefly  of 
foraminifera  we  supposed  that  they  had  been  originally  embedded 
in  foraminiferal  marl  of  a  similar  character  to  that  which  forms 
the  base  of  the  knolL 

Subsequently,  however,  we  felt  some  doubt  about  this  point,  and 
asked  Mr.  G.  F.  Franks,  F.G.S.,  to  obtain  further  information  for 
us.  This  he  kindly  did,  sending  us  a  fresh  set  of  specimens,  and 
in  one  of  these  we  detected  what  appeared  to  be  fragments  or 
pebbles  of  a  previously  consolidated  rock.  This  specimen  was  sent 
to  Mr.  W.  Hill,  F.G.S.,  who  reports  that  our  surmise  is  correct, 
the  included  fragments  consisting  of  an  indurated  foraminiferal 
marl  or  chalk,  like  those  which  occur  so  generally  in  the  Oceanic 
Series. 

The  mass  of  the  rock  consists  of  the  tests  of  foraminifera  em- 
bedded in  crystalline  calcite,  and  consequently  when  a  small  slice 
is  seen  under  the  microscope  it  much  resembles  the  Globigerina 
marlstone  above  mentioned,  but  there  is  a  greater  variety  of 
foraminifera,  and  fragments  of  the  plates  and  spines  of  echinoderms 
are  seen  here  and  there.  These  differences  are  more  conspicuous 
in  a  hand-specimen,  the  shining  surfaces  of  the  broken  echinoid 

^  [The  remainder  of  this  description  of  Bisaez  Hill  has  been  re-written.— 
Feb.  16th,  1892.] 
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plates  and  spines  giving  it  a  different  aspect,  while  in  some  of  the 
blocks  casts  of  turbinate  corals  are  abundant.^ 

It  would  appear,  therefore,  that  these  blocks  are  the  broken 
remnants  of  a  stratum  which  once  capped  the  hill,  and  that  the 
rock  is  of  later  date  than  any  part  of  the  Oceanic  Series.  The 
limestone  blocks  are  partially  embedded  in  a  loose  crumbling  marl, 
but  a  sample  of  this  received  from  Mr.  Franks  proves  to  be  a 
material  quite  different  from  that  in  situ  below  and  similar  to  that 
of  the  limestone,  for  it  contains  a  variety  of  organic  fragments  such 
as  small  joints  of  PentacHnusy  echinoderm  spines,  and  broken 
(?  pteropod)  shells,  aU  more  or  less  worn  and  rolled,  while  Olobi- 
gerincBj  though  abundant,  do  not  make  up  more  than  20  or  25  per 
cent,  of  the  mass. 

This  crumbling  marl  may  have  resulted  from  the  disintegration 
of  the  limestone,  but,  however  this  may  be,  it  certainly  is  not  a 
true  Oceanic  Deposit.  We  regard  it  and  the  associated  limestone 
as  equivalents  of  the  foraminiferal  muds  hereafter  described  (p.  215), 
which  occur  at  several  localities  between  the  Oceanic  Series  and  the 
coral-rocks ;  for  if  this  capping  of  Bissex  Hill  does  not  belong  to  the 
Oceanic  Marls  on  which  it  rests  it  must  be  unconformable  to  them, 
all  the  red-earth  group  and  the  volcanic  muds  of  Mount  HiUaby 
being  absent  on  Bissex  Hill. 

The  summit  of  the  hill  is  190  feet  above  the  point  where  the 
base  of  the  Oceanic  Series  occurs,  and  about  700  yards  in  horizontal 
distance  from  it ;  in  this  distance  a  dip  of  5^  would  bring  in  a 
thickness  of  about  60  feet  which,  added  to  the  190  feet  of  vertical 
difference,  gives  a  total  thickness  of  250  feet  for  the  portion  of  the 
series  here  preserved. 

Mr.  Franks  also  writes  to  us  that  he  has  found  the  hard  grey 
siliceous  limestone  exposed  in  two  places,  by  the  road  which  runs 
along  the  north-eastern  slope  of  the  hill  towards  Bissex  Estate 
House.  Here  there  are  several  layers  of  it  alternating  with  greyish 
white  earth,  and  near  one  exposure  a  bed  of  fine,  dark  grey  sand- 
stone appeared,  probably  the  representative  of  the  pumiceous  sand 
at  Chimborazo. 

On  the  extreme  northern  spur  of  Bissex  Hill,  half  a  mile  beyond 
the  Estate  House,  another  limestone  occurs,  apparently  at  the  very 
base  of  the  Oceanic  Series.  This  is  a  hard,  compact  blue  limestone, 
smoother  and  bluer  than  the  upper  one,  and  forms  a  continuous  bed 
some  3  or  4  feet  thick,  which  weathers  to  a  yellowish  buff  where 
exposed  to  the  air.  This  bed  can  be  traced  for  a  little  distance, 
dipping  N.E.  by  N.,  and  it  appears  to  rest  on  the  Scotland  rocks. 

Small  outliers  of  siliceous  earth  occur  at  Cambridge  to  the  E. 
and  near  Hopewell  to  the  N.W.,  but  do  not  present  any  features  of 
special  interest. 

Comparing  the  sections  we  have  now  described  with  one  another, 

^  We  understand  from  Mr.  Franks  that  it  was  from  this  limestone  that  the 
eohinoderm  described  by  Mr.  Gregory  aa  Archaopnettstes  abrupt  m  was  obtained. 
The  Scalaria  figured  by  Sir  R.  Schomburgk  probably  came  from  the  same 
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we  consider  that  the  foraminiferal  marl  at  Codrington,  the  cal-. 
careoue  foraminiferal  beds  at  the  top  of  Bissex  Hill,  the  calcareo- 
siliceous  marl  at  Chimborazo  which  contains  some  foraminifera, 
the  similar  beds  below  the  red  clays  on  Mount  Hillaby,  and  the 
highly  calcareous  marl  of  Farley  Hill  above  Cleland,  are  all  on  the 
same  horizon.  If  this  is  so,  the  white-earth  group  everywhere 
shows  the  same  gradual  passage  upwards  from  chalky  foraminiferal 
beds  at  the  base  to  siliceous  radiolarian  earth,  and  again  from  this 
back  to  chalky  foraminiferal  marl  or  limestone.  Above  these  last  are 
the  red  and  mottled  clays,  and  finally  the  highest  grey  earths  and 
volcanic  muds  of  Mount  Hillaby. 

We  also  recognize  two  horizons  of  brown  gritty  marl :  one  between 
70  and  80  feet  from  the  base,  seen  at  Conset  Bay  and  in  cuttings 
on  the  railway,  at  Bissex  Hill  and  at  Castle  Grant ;  the  other  at  a 
much  higher  horizon,  aa  exposed  in  the  road-cutting  by  Chimborazo. 
lliere  are  moreover  two  bands  of  grey  pumiceous  sand,  one  between 
80  and  90  feet  from  the  base,  seen  at  Conset  Gully  and  Castle  Grant, 
and  another  near  Chimborazo  and  Mount  Hillaby,  nearly  100  feet 
higher  up  in  the  series. 

There  is  another  conclusion  which  may  be  fairly  deduced  from 
the  preceding  stratigraphical  observations^  and  that  is  with  respect 
to  the  layers  of  hard  limestone  which  occur  in  certain  localities  at 
the  bottom  of  the  Oceanic  Series.  "We  think  the  facts  clearly  show 
that  these  are  portions  of  the  chalky  earths,  which  have  been 
locally  converted  into  limestone  through  the  infiltration  of  calcite  by 
water  that  has  percolated  through  some  length  and  depth  of  the 
calcareous  earths. 

Our  observations  on  the  beds  in  situ  and  our  analyses  of  them 
in  the  laboratory  induce  the  belief  that  some  of  them  have  been 
largely  altered  by  the  action  of  water,  and  that  some  of  the  more 
siliceous  varieties  of  the  deposit  have  had  their  silica  percentage 
inoreafled  by  the  abstraction  of  the  carbonate  of  lime  which  was 
originally  present.  At  Springfield,  for  instance,  there  is  a  small 
outlier  which  consists  wholly  of  siliceous  earth,  although  the  horizon 
is  that  of  the  lower  calcareo-siliceous  earths.  Wherever  also 
the  Oceanic  earths  have  been  reached  below  the  coral-rock,  they 
are  always  found  to  be  more  or  less  altered  by  the  passage  of 
water.  There  are  only  three  localities  where  solution  and  re 
deposition  of  the  organic  silica  seem  to  have  taken  place  to  any 
extent,  viz.  Springfield,  Cleland  Hill,  and  Castle  Grant,  at  all  of 
which  a  free  passage  of  water  takes  place. 


§  6.  Detkital  Deposits  of  intermediate  date  between  the 
Oceanic  Semes  and  the  Coral-rocks. 

In  1890  Mr.  E.  Easton,  C.E.,  sent  us  a  set  of  specimens  which 
had  been  obtained  from  beneath  the  coral-rock  area,  some  from 
shafts  and  borings,  and  some  from  subterranean  watercourses.  Most 
of  them  are  earthy  marls  composed  chiefiy  of  inorganic  materials ;  but 
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three  of  them  are  foraminiferal  muds,  and  one  is  a  foraminiferal 
limestone. 

We  did  not  recognize  the  existence  of  such  intermediate  deposits 
when  we  were  in  Barbados,  and  we  do  not  think  that  they  any- 
where attain  a  thickness  of  more  than  10  or  12  feet,  from  the 
facts  now  known  to  us  we  believe  that  they  rest  on  different 
parts  of  the  Oceanic  Series,  and  probably  in  some  places  on  the 
Scotland  Beds. 

We  consider  them  to  have  been  formed  by  the  action  of  currents 
gently  washing  over  the  surface  of  the  earlier  deposits,  when  a 
general  upheaval  of  the  area  had  brought  this  surface  to  withiu  a 
depth  of  400  fathoms.  They  may  have  been  formed  in  any  depth 
between  this  and  50  fathoms,  but  they  afford  no  evidence  that 
any  part  of  the  bank  was  within  the  limit  of  coral-growth.  The 
following  descriptions  are  condensed  from  reports  by  Mr.  W.  Hill 
and  Miss  Eaisin. 

(1)  Foraminiferal  Muds. 

Bath^  ISO  feet. — A  yellowish  clay.  This  clay  appears  to  consist 
of  fine  felspathic  material  and  minute  crj-stals  of  calcite  ;  the 
whole  is  in  a  state  of  very  fine  subdivision.  A  good  many  Globi- 
gerincB  are  to  be  seen  in  the  thin  section. 

Baih^  132  feet. — From  a  boring  on  the  Bath  estate,  S.W.  of  the 
Mill.  A  greenish  clay.  This  is  practically  a  foraminiferal  deposit 
in  which  Globigerina  is  the  predominating  form.  There  is,  how- 
ever, a  large  amount  of  inorganic  material.  Mis3  Raisin  says  of 
this  specimen :  "  The  calcite  is  in  very  minute  crystals ;  felspathic 
material  is  largely  present,  but  a  few  distinct  fragments  of  larger 
felspar  (and  also  what  is  probably  quartz)  can  be  recognized.'' 

Cole^s  Cave,  60  ft.  below  the  gully-floor. — A  greenish  earthy 
marl  similar  to  the  last,  but  with  fewer  foraminifera.  Of  the 
inorganic  material  Miss  Eaisin  remarks :  **  The  rather  larger 
mineral  chips  are  more  numerous,  and  can  be  recognized  as  broken 
crystals  and  fragments  of  clear  felspar.'' 

Several  examples  of  foraminiferal  volcanic  muds  from  the  west 
coast  of  Java  and  from  the  Solomon  Islands  were  kindly  sup2)lied  by 
Dr.  H.  B.  Guppy  and  compared  with  the  Barbados  deposits.  None 
agree  in  character  M^ith  the  Oceanic  foraminiferal  or  radiolarian 
earths. 

But  one  of  them  from  "  4  miles  inland  on  the  W.  coast  of  Java  '* 
compares  to  a  certain  extent  with  the  foraminiferal  mud  of  Cole's 
Cave.  Both  consist  largely  of  inorganic  material,  which  for  the  most 
part  is  probably  felspathic,  and  in  both  there  are  many  Glohigerinc^. 
Bat  in  the  Java  specimen  the  inorganic  matter  is  coarser ;  there 
occur  pumice  and  volcanic  glass,  neither  of  which  can  be  recognized 
in  the  greenish  earth  of  Cole's  Cave  ;  nor  is  there  in  either  of  these 
specimens  a  preponderance  of  the  minute  calcite-crystals  which  is  a 
feature  in  the  two  other  foraminiferal  muds  of  Barbados.  It  is 
singular  that  in  two  deposits  which  have  much  in  common  there 
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should  occur  a  stellate  form  of  crystalloid  somewhat  similar  in 
ap]>earance  to  fig.  2  (p.  178),  but  differing  from  this  in  having  the 
bifid  extremities  of  the  rays  acutely  pointed. 

One  other  mud  from  "Sirwaua,  Bantam  Coast,"  bears  some  re- 
semblance to  the  Cole's  Cave  deposit,  in  the  character  of  the  inorganic 
material,  which,  as  before,  is  coarser.  Foraminifera,  of  which 
OUhigerina  is  the  preponderating  form,  are  more  abundant ;  but 
there  are  several  other  species,  and  the  jwpect  of  the  whole  suggests 
that  it  is  a  shallow-water  deposit. 


(2)  Foraminiferal  Umestone. 

Bock  Dtindo. — From  44  feet  below  the  floor  of  the  gully,  in  a 
shaft  made  for  the  Water  Supply  Company.  This  is  a  semi- 
crystalline  foraminiferal  rock,  white,  but  not  very  hard.  When 
examined  under  the  microscope  it  appears  to  combine  some  of  the 
characters  of  a  chalky  Oceanic  earth  and  a  granular  Ghbigerina- 
marl  with  others  which  seem  to  indicate  much  shallower  water. 
GlohigeinncE  are  abundant,  but  other  forms,  including  AmphisUgina^ 
which  abounds  in  the  coral-reef  rocks,  are  present.  There  is, 
however,  nn  entire  absence  of  the  other  organic  fragments  which 
distinguish  coral-reef  rocks. 

We  consider  this  to  be  one  of  the  detrital  earths,  and  the  pro- 
bability is  increased  by  th§  existence  of  a  green  clay  which  came 
from  tiie  same  shaft  and  which  we  examined  in  Barbados;  its 
organic  contents  appeared  to  be  chiefly  radiolaria  encrusted  with 
crystalline  growths  of  quartz  or  calcite. 

The  base  of  the  coral -rock  in  this  shaft  is  between  38  and  40 
feet  below  the  gully-floor ;  the  green  clay  came  from  about  40  feet, 
at  41  feet  there  was  white  earth,  and  the  limestone  above  described 
at  44  feet. 

(3)  Calcareoos  Earths  and  Marls. 

From  a  boring  at  Ligbtfoot's  ;  depth  from  surface,  130  feet. 
From  Harri80D*8  Cave,  25  feet  below  the  gully- fluor. 
From  a  boring  at  Cane  Garden  in  St.  Thomas,  depth  1 10  feet 
From  a  boring  in  the  gully  north-east  of  Pluratree,  three 
specimens  from  depths  of  69,  70,  and  80  feet 

The  samples  from  the  first  three  localities  and  that  from  80  feet 
down  at  Plumtree  are  of  a  similar  nature,  being  all  fine  greenish 
earths  consisting  mainly  of  minute  calcitc-cr3'stals  and  fine  felspathic 
material.  Calcite  predominates  at  Ligbtfoot's  and  at  Harrison's  Cave, 
felspathic  material  in  the  other  two.  Miss  Eaisin  remarks  that 
"  the  calcite  is  in  minute  rhombohedra  ;  rather  large  angular  frag- 
ments of  felspar  (up  to  4  mm.)  occur  in  two  of  them,  and  in  one 
slide  (Cane  Garden)  a  few  very  small  chips  of  brown  glass.  A  black 
opaque  mineral,  apparently  iron-pyrites,  occurs  abundantly  in 
scattered  s])ots  all  over  the  slides,  sometimes  in  perfect  cubes,  some- 
times in  the  form  of  granules  or  minute  nodular  clusters." 

As  regards  organic  remains,  Mr.  Hill  found  a  few  radiolaria  in 
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the  slide  from  the  Lightfoot's  sample,  but  no  forarainifera  in  any  of 
them.  In  the  Plumtree  Gully  sample  (80  feet)  there  are  many 
coccoliths  and  stellate  crystalhiids  like  those  described  on  p.  178. 
Around  some  of  the  latter  calcite  has  crystallized  in  such  a  manner 
as  to  obliterate  the  original  form.  Many  are  quite  free  from  this 
peculiarity,  but  it  is  quite  easy  to  trace  in  a  number  of  examples 
the  gradual  growth  of  calcite  until  an  irregularly-shaped  minute 
calcite-crystal  is  produced.  On  the  coccoliths  also  a  deposition  of 
calcite  has  taken  place. 

The  specimen  from  Plumtree  Gully  at  69  feet  appeared  to  be  a 
concretionary  nodule  of  exceedingly  fine,  white  calcareous  earth, 
exhibiting  concentric  rings  of  dark  brown  colour.  That  from 
70  feet  is  a  white  marly  clay,  consistinp:  largely  of  minute  calcit-e- 
crj^stala  with  very  fine,  probably  felspathic  material. 

§  7.  Notes  on  the  existencb  of  similab  Deposits  in  other 
West  Indian  Islands. 

(a)  Trinidad. — Beds  of  white  radiolarian  earth  occur  in  the 
Naparima  district,  near  San  Fernando,  on  the  western  side  of 
Trinidad.  Their  existence  has  been  known  for  some  time,  but 
little  information  with  respect  to  their  geological  position  and 
relations  has  been  forthcoming. 

Messrs.  \Yall  and  Sawkins  made  a  geological  reconnoissance  of 
Trinidad  in  1860,  and  the  results  were  published  in  a  Geological 
Report  with  map  and  sections.  They  describe  the  Tertiarj'  strata 
which  occupy  a  large  part  of  the  island  under  the  name  of  the 
'Newer  Parian  Formation,'  and  distinguish  five  groups  to  which 
they  give  special  names,  lettering  them  A,  B,  C,  D,  E,  as  if  they  were 
successive  stages  in  this  formation.  It  appears,  however,  from  the 
map  and  from  their  general  section  through  the  island  (plate  i.) 
that  the  *  Older  Parian '  (Cretaceous)  Series  forms  an  anticlinal  ridge, 
crossing  the  island  from  west  to  east,  and  having  an  area  of  Tertiary 
rocks  both  on  the  south  and  on  the  north  side,  and  further  that  the 
first  two  groups  occur  only  on  the  north  side  and  the  other  three 
groups  only  on  the  south  side  of  the  central  ridge. 

On  the  section  the  beds  on  the  north  side  are  underwritten  *  first 
(upper)  member  of  the  Tertiaries  (Carom  formation)' and  'second 
member  of  the  Tertiaries  ( Tamana  formation) ; '  while  on  the  south 
side  the  Naparima  formation  iq  marked  as  '  corresponding  to  the 
second  member  of  the  Tertiaries,'  and  the  Moniga  formation  as 
'  corresponding  to  the  upper  member  of  the  Tertiaries.'  The 
Nariva  formation  is  called  'the  third  member  of  the  Tertiaries,' 
and  it  would  appear  therefore  that  they  regarded  it  as  older  than 
the  Tamana  Group,  but  they  remark  that  its  relation  to  the  '  Older 
Parian '  was  not  ascertained  and  that  it  was  not  recognized  on  the 
north  side  of  the  anticline. 

From  the  above  statements  it  is  clear  that  the  rock-groups 
described  and  named  by  Messrs.  Wall  and  Sawkins  were  mainly 
geographical,  and  that  they  were  uncertain  about  their  equivalency. 

q2 
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In  1866  Mr.  Lecbmere  Guppy  described  the  coast-section  at  San 
Fernando  ^  as  consisting  chiefly  of  asphaltic  clays,  shales,  and  marls 
inclined  at  a  high  angle  to  the  south ;  he  regards  them  as  belonging 
to  the  same  group  as  the  Tamana  and  Manzanilla  Beds  on  the  north 
of  the  Cretaceous  *  divide,'  referring  them  all  on  general  grounds  to 
the  Lower  Miocene,  and  regarding  the  Caroni  and  Moruga  Series  as 
Upper  Miocene. 

In  a  later  paper  Mr.  Guppy  writes  : — **  The  late  discoveries  (of 
bitumen,  &c.)  added  to  my  own  observations  make  it  seem  probaWc 
that  the  Nariva  Series  of  the  Government  geologists  is  the  equi- 
valent, on  the  south  side  of  the  central  range,  of  the  Caroni  car- 
bonaceous series  on  the  north."  *  This  paper  is  accompanied  by  a 
diagram  to  show  the  general  succession  of  the  Trinidad  strata,  in 
which  the  Tamana  and  San  Fernando  Bods  are  referred  to  the 
Eocene,  the  Caroni,  Nariva,  and  Naparima  Beds  to  the  Miocene,  and 
the  Moruga  Series  to  the  Pliocene.  He  does  not,  however,  specially 
deal  with  the  relations  of  the  Naparima  Marls,  and  on  our  applying 
to  him  in  1889  he  was  unable  to  give  us  any  further  information 
about  them,  except  that  they  are  not  exposed  in  the  coastnsection 
at  San  Fernando. 

Prior  to  this,  one  of  us  had  been  over  part  of  the  Naparima 
district  and  had  seen  the  white  radiolarian  marls  exposed  in  road- 
cuttings.  They  appeared  to  succeed  and  overlie  a  great  series  of 
clays  and  sandstones  which  much  resembled  the  Scotland  rocks  of 
Barbados,  and  as  the  dip  of  the  marls  in  the  sections  seen  wasverj- 
slight,  and  much  less  than  that  of  the  clays  and  sandstones,  we  con- 
clude that  the  former  rest  unconformably  upon  the  latter.  More 
recently  our  friend  Mr.  G.  F.  Franks,  F.G.S.,  visited  the  same 
district  and  obtained  for  us  samples  of  the  marls  from  several 
localities  ;  he  also  is  of  opinion  that  they  rest  unconformably  on  the 
older  deposits,  though  whether  these  belong  to  the  Nariva  Series  or 
to  the  San  Fernando  Beds  he  could  not  ascertain. 

We  think,  therefore,  that  the  line  between  the  so-called  Miocene 
and  Pliocene  of  Trinidad  will  in  all  probability  have  to  be  drawn  at 
the  base  of  the  Naparima  Marls,  and  that  when  the  real  succession 
and  the  exact  relative  age  of  the  Trinidad  Tertiaries  are  ascertained 
the  age  of  the  Oceanic  Deposit*  of  Barbados  will  thereby  be  de- 
termined.' 

Examination  of  the  samples  obtained  from  the  Naparima  district 
showed  them  to  be  similar  in  every  respect  to  the  Barbados  earths. 
Analysis  proved  some  to  be  mainly  siliceous,  with  only  30  percent., 
while  others  are  calcareo-siliceous,  with  40  ptjr  cent,  of  calcium 
carbonate.  Slides  prepared  from  them  showed  that  these  earths 
contain  radiolaria  and  diatoms  in  abundance,  the  number  of  the 
latter  being  greater  than  is  usual  in  the  Barbadian  earths. 

^  Quart.  Joum.  Geol.  See.  vol.  xxii.  p.  671. 

*  Proc.  Scient  Assoc.  Trinidad,  1877,  part  xi.  p.  113. 

'  The  discovery  of  l^ucula  Schomhurgki  in  the  San  Fernando  Beds  by  Mr. 
Guppy  naturally  suggested  the  probubility  of  their  being  of  the  same  age  as  the 
Scotknd  rocks  of  Barbados.    lie  therefoi-e  refers  the  latter  to  the  Eocene. 
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The  following  are  analyses  of  three  of  the  Trinidad  samples : — 


Combined  water 

GrjBtalline  silica,  &J.     

Colloid  silica 

Clay 

Iron  peroxide  and  alumina 

Manganese  peroxide  

Calcium  carbonate 

Calcium  sulphate   

Calcium  phosphate    

Lime    

Magnesia 

Alkalies  


Philippine  Estate.  Hermitage.  Cedar  Grove. 


2-38 

4-62 

2-11 

1-38 

4-a5 

1-47 

19-6(5 

41-15 

41-56 

26  38 

15-36 

1516 

6-64 

3-31 

4-10 

32 

•44 

-82 

40-50 

29-46 

31-82 

•18 

•09 

•28 

trace 

trace 

trace 

J -22 

Ml 

150 

2-34 

•41 

1-18 

traces 

traces 

trac?s 

100-00 


100-00 


100-00 


(b)  HaytU — Slides  of  washed  radiolarian  earth  purporting  to  come 
from  Port  Jerernie  in  Hayti  are  on  sade  by  European  dealers.  We 
have  procured  (and  examined)  several  such  slides  from  different 
persons,  and  find  them  all  similar  to  one  another  and  much  re- 
sembling similarly  prepared  material  from  Barbados,  but  we  cannot 
obtain  information  regarding  the  deposit  from  which  they  have  been 
procured. 

(c)  Jamaica. — ^The  White  Limestone  of  Jamaica  has  been  men- 
tioned in  the  first  part  of  this  memoir,  and  some  reasons  were  given 
for  thinking  that  it  is  not  a  single  formation  as  represented  in  the 
Tieports  of  the  Geological  Surveyors  (1869),^  but  comprises  at  least 
two  limestones  of  different  origin  and  age. 

The  descriptions  of  the  Surveyors  generally  recognize  two  divisions 
in  the  White  Limestone :  a  lower  portion  consisting  of  bedded 
limestones  interstratiiied  with  marls,  and  an  upper  series  of  more 
massive  limestones.  The  lower  beds  often  contain  nodules  of  flint, 
while  the  upper  do  not ;  on  the  other  hand  remains  of  mollusca, 
corals,  and  echinoderms  appear  to  be  more  abundant  in  the  upper 
beds.  It  should  have  been  stated  that  the  specimens  of  limestone 
from  the  counties  of  Manchester  and  St.  Elizabeth  which  were 
examined  by  Mr.  W.  Hill  and  found  to  resemble  coral-limestones  were 
from  the  upper  beds  ;  while  the  rock  obtained  by  Col.  Feilden  from 
Hanover  County  was  almost  certainly  from  the  lower  beds,  inas- 
much as  he  informs  us  that  flints  were  abundant  in  it.  This  rock 
is  identified  by  Mr.  Hill  as  an  oceanic  limestone  similar  to  the 
calcareous  eart.hs  of  Barbados,  but  altered  and  indurated  by  cal- 
cification. The  fiints  are  said  to  resemble  those  from  the  English 
Chalk. 

With  respect  to  the  age  of  the  White  Limestone  the  reports  of 
the  Surveyors  are  inconsistent  with  one  another ;  in  some  (as  on 
pp.  23  and  149)  it  is  spoken  of  as  Miocene,  in  others  as  Pliocene 
(pp.  129,  301),  and  in  the  Tabular  View  at  the  end  of  the  volume  it 

^  '  Report  en  the  Geology  of  Jamaica,'  by  Messrs.  Sawkin?,  Barrett,  and  others, 
Hem.  GeoL  Purvey,  ItiGU. 
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is  labelled  *  Post-Pliocene/  Mr.  Barrington  Brown,  however,  to 
whom  we  wrote  on  the  subject,  informs  us  that  this  last  reference 
was  a  mistake  ;  that  during  the  course  of  the  Survey  and  before  the 
fossils  were  examined  there  was  naturally  much  uncertainty  with 
respect  to  its  age,  but  it  was  finally  intended  to  class  it  as  Pliocene, 
because  it  was  found  to  rest  on  a  fossiliferous  yellow  limestone 
which  was  considered  by  Mr.  R.  Etheridge  to  be  of  Miocene  age,  aud 
probably  late  Miocene. 

An  observation  of  Prof.  Gabb's '  has  an  indirect  bearing  on  this 
point :  after  stating  that  the  Miocene  strat-a  of  San  Domingo  have 
yielded  over  300  species  of  fossils,  including  nearly  all  that  have 
been  found  in  Jamaica,  thereby  establishing  the  identity  of  the 
formation  in  the  two  islands,  he  says  **  the  present  collections  have 
so  materially  changed  the  correlation  between  the  fossil  and  living 
faunae  that  it  is  necessary  to  do  the  greater  part  of  the  work  over 
again."  He  finds  there  are  217  extinct  and  97  living  species,  the 
proportion  of  living  forms  being  between  30  and  33  per  cent.,  which 
is  higher  than  Lyell's  estimate  of  the  proportion  in  the  Miocene  of 
the  Loire.  He  was  therefore  inclined  to  regard  the  beds  as  Pliocene, 
but  the  presence  of  several  antique  types  prevented  him  from  taking 
this  st-ep ;  and  he  agrees  with  Mr.  E.  Etheridge  in  placing  the  Jamaica 
and  San  Domingo  beds,  together  with  the  Caroni  formation  of 
Trinidad,  in  .the  upper  or  later  division  of  the  Miocene. 

This  is  doubtless  the  true  place  of  the  Jamaica  yeUow  limestone, 
for  Lyells  estimate  is  now  known  to  be  too  low,  and  recent  re- 
searches make  it  probable  that  the  proportion  of  living  species  in  the 
Faluns  of  the  Loire  is  from  30  to  40  per  cent.  This  being  so,  it  is 
clear  that  the  overlying^' hi  te  Limestone  Series  cannot  be  older  than 
early  Pliocene. 

Besides  the  White  Limestone  there  are  in  Jamaica  deposits  of 
raised  pteropod  ooze  which  are  thus  described  by  Mr.  Lucas  Barrett 
('  Geology  of  Jamaica/  p.  82) : — **  A  remarkable  fossiliferous  marl 
occurs  on  the  south  coast  of  St.  Thomas-in-the-East,  on  the  east 
coast  by  Manchioneal,  and  on  the  north  coast  of  Portland  near  Port 
Antonio,  often  forming  elevations  300  feet  high.  It  is  characterized 
by  a  peculiar  assemblage  of  organic  remains,  consisting  of  pteropoda, 
a  few  bivalve  and  univalve  moUusca,  with  some  gigantic  foraminifera. 
It  is  evident  that  the  deposition  of  this  marl  took  place  at  a  con- 
siderable depth  .  .  ,  thi^  is  confirmed  by  the  result  of  some  dredging  I 
had  on  the  north  coast,  V here  from  the  depth  of  150  to  200  fathoms 
the  dredge  brought  up  the  whole  of  the  mollusca  and  foraminifera  I 
had  before  collected  from  this  marl.  This  shows  that  since. the 
deposition  of  this  stratum,  which  is  of  Pliocene  age  (for  deep-water 
mollusca  have  a  greater  range  in  time  than  shallow-water  species), 
the  coast  has  been  elevated  at  least  1200  feet  ...  It  was  this  elevation 
that  impressed  the  physical  features,  the  coast-lines,  littoral  moun- 
t>ain-ridges,  and  parallel  fissures  on  the  east  coast  of  Jamaica, 
modifying  the  effect  of  previous  disturbances  and  illustrated   by 

^  Trans.  Amer.  PhU.  Soo.  1881.  n.8.  vol.  xr.  p.  99. 
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subsequent  elevations  occurring  along  the  same  great  physical  lines ; 
for  murine  strata  more  recent  than  the  Pteropod  marl  are  inclined 
at  a  high  angle,  and  overlain  unconformably  by  still  newer  marine 
strata." 

The  marine  strata  referred  to  in  the  last  sentence  are  in  all  prob- 
ability the  lower  beds  of  the  White  Limestone  Series,  and  it  would 
appear  that  Mr.  Barrett  thought  these  were  newer  than  the  pteropod 
marls,  but  no  proof  of  superposition  is  given.  The  same  is  the  case 
with  some  extensive  deposits  of  white  chalky  marl  which  occupy  low 
ground,  and  often  abut  against  the  White  Limestone ;  but  the  final 
opinion  of  the  Surveyors  with  respect  to  both  these  and  the  pteropod 
marls  seems  to  have  been  that  they  are  post- Pliocene,  or  in  other 
■words  Pleistocene.  Clearly  there  are  many  interesting  questions  in 
the  geology  of  Jamaica  which  are  awaiting  further  investigation, 
and  the  mutual  relations  of  these  white  marls  and  limestones  is  not 
the  least  important  of  them. 

[(d)  Cuba, — W'hen  this  paper  was  read,  Mr.  J.  W.  Gregory  was 
able  to  announce,  from  the  examination  of  rocks  ho  had  obtained 
from  Bara^oain  Cuba,  that  radiolarian  earths  existed  in  that  island  ; 
he  finds  them  to  be  similar  in  structure  and  mode  of  occurrence,  and 
also  in  their  calcareo-siliceous  varieties,  to  those  of  Barbados. — 
Feb.  16th,  1892.] 

§  8.  Changes  in  the  Physical  Gboorapht  op  the  Cakibbean 
11eo[on  during  Tertiary  time. 

In  Part  I.  of  this  memoir  we  made  some  remarks  on  the  physical 
geography  of  the  Caribbean  region  during  the  formation  of  the  raised 
coral-reefs,  and  we  expressed  our  opinion  that  the  period  of  upheaval 
indicated  by  these  reefs  was  preceded  by  a  time  when  there  was  free 
communication  between  the  Atlantic  and  Pacific  Oceans.  It  would 
doubtless  have  been  better  if  we  could  have  presented  our  evidence 
of  a  great  submergence  first  and  dealt  with  that  of  a  subsequent 
elevation  in  the  second  place,  but  circumstances  obliged  us  to  reverse 
the  natural  order  of  things  and  to  treat  of  the  coral-reefs  first. 

Now,  however,  that  we  have  given  the  evidence  for  our  statement 
that  the  final  upheaval  of  the  region  was  preceded  by  a  profound 
sabmergence,  we  are  in  a  position  to  urge  our  views  still  more 
Btrongly,  and  we  can  at  the  same  time  support  them  with  some 
father  collateral  evidence. 

In  considering  the  general  question  of  the  physical  history  of  the 
region  during  Tertiary  time  we  are  quite  aware  that  the  data  at 
present  available  are  insufficient  for  anything  more  than  an  indica- 
tion of  the  greater  physical  changes  which  took  place  in  that  time. 
We  are  also  aware  that  the  Barbadian  sequence  is  incomplete  and 
must  be  supplemented  by  evidence  from  other  islands.  If  the 
Scotland  Beds  are  the  equivalents  of  the  San  Fernando  Beds  of 
Trinidad  and  if  the  Oceanic  Series  is  of  Pliocene  age,  there  is  an 
unrepresented  interval  filled  in  other  islands  by  the  important  group 
of  deposit^  which  is  refeirred  to  the  Miocene. 
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The  Barbadian  sequence,  however,  taken  by  itself  fnrniehes  ns 
with  valuable  historical  material.  It  is  not  like  that  of  certain 
Pacific  islands  where  Oceanic  Deposits  are  the  oldest  stratified  rocks 
and  no  base  other  than  volcanic  rocks  has  yet  been  found.  Barbados 
has  a  history  that  is  anterior  to  the  Oceanic  episode ;  its  great  series 
of  sandstones  and  clays  testify  to  the  close  proximity  of  a  large 
land-area  in  early  Tertiary  time,  and  the  existence  of  similar 
terrigenous  deposits  in  Trinidad,  Hayti,  Cuba,  and  Jamaica  may  be 
taken  as  strong  evidence  that  there  was  at  that  time  continental 
land  in  the  Caribbean  region.  In  Jamaica  the  Eocene  Series  alone 
is  estimated  at  2500  feet,  and  it  consists  of  shales,  sandstones,  and 
trappean  conglomerates  which  show  that  a  large  area  of  land  was 
undergoing  detrition. 

Our  view  of  Caribbean  geography  therefore  starts  with  a  period  of 
shallow  water  and  with  conditions  that  appear  to  have  been  con- 
tinental, but  we  do  not  think  that  the  present  hydrographic 
contours  of  the  Caribbean  Sea  afford  any  due  to  the  trend  or  outUne 
of  this  early  Tertiary  land. 

In  Trinidad  and  San  Domingo  these  conditions  seem  to  have 
been  maintained  during  Mid-Tertiary  time,  but  in  Jamaica  there 
was  submergence  allowing  a  large  area  and  a  considerable  thickness 
of  yellow  limestone  and  marl  to  be  accumulated.  This  subsidence 
was  certainly  continued  during  the  formation  of  the  succeeding 
White  Limestones,  which  in  many  places  overlap  and  extend 
beyond  the  yellow  limestones.  Some  of  these  Pliocene  white  lime- 
stones are  of  oceanic  origin,  though  their  extent  and  thickness  are 
at  present  unknown.  The  white  foraminiferal  limestone  of  San 
Domingo  which  caps  the  highest  Miocene  beds  ^  may  possibly  be  of 
the  same  age,  and  we  have  already  stated  that  we  regard  the  Oceanic 
Deposits  of  Barbados  and  Trinidad  as  belonging  to  the  same  period 
of  geological  time. 

It  is  therefore  in  the  Pliocene  period  that  we  find  proofs  of  a  very 
deep  submergence  of  the  whole  Caribbean  region ;  for  it  will 
be  borne  in  mind  that  Jamaica  is  1100  miles  west  of  Barbados, 
that  Jamaica  itself  is  150  miles  long,  and  that  its  western  end  is 
only  400  miles  from  the  nearest  point  of  Central  America,  while 
the  western  end  of  Cuba  is  only  130  miles  from  Yucatan  ;  hence  it 
is  very  probable  that  the  submergence  wfiich  produced  oceanic 
conditions  in  Jamaica  extended  also  to  Central  America,  and  we  shall 
be  surprised  if  deep-water  marls  and  limestones  of  Pliocene  age 
are  not  eventually  found  in  that  region. 

It  is  known  that  both  in  Panama  and  Nicaragna  there  are 
Tertiary  marine  deposits  of  various  dates.  Prof.  Aga«siz  informs 
us  that  the  fossils  obtained  by  Dr.  Maack  at  heights  between  300 
and  763  feet  on  the  Isthmus  of  Darien  are  of  Miocene  age,  and  that 
he  mentions  limestones  near  Empire  Station  on  the  Panama  Kailroad 
which  are  filled  with  such  fossils;'   but  he  also  obtained  post- 

1  Gabb,  in  Trans.  Amer.  Phil.  Soc.  1881,  da  vol.  xt.  p.  108. 
*  Pub.  Doc.  Navy  Dept.  U.S.A.  1144,  toI.  v.  pp.  165-176. 
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Pliocene  fossils  at  a  height  of  150  feet  along  the  line  of  rail  from 
Panama.  In  Nicaragua  there  seems  to  be  a  nearly  complete  series  of 
Tertiary  deposits  flanking  the  central  range  of  highlands/  including 
beds  which  are  referred  to  the  Pliocene. 

[We  are  informed  by  Mr.  John  Hughes,  E.C.S.,  that  deposits  of 
white  siliceous  and  calcareous  earth  occupy  considerable  areas  in 
Guatemala.  He  has  giyen  us  a  sample  of  the  former  which  proves 
to  consist  entirely  of  diatoms  and  spongc-spicules. 

Extensiye  deposits  of  diatomaceous  earth  have  recently  been  dis- 
covered in  South  California.  They  are  described  by  J)r.  A.  M. 
Edwards,^  of  Newark,  U.S.A.,  who  informs  us  that  they  extend  from 
Monterey,  south  of  San  Francisco,  where  they  are  associated  with 
foraminiferal  marls,  to  beyond  San  Pedro.  The  diatoms  in  them 
are  similar  to  those  in  the  celebrated  Bichmond  earth,  and  it  is 
quite  possible  that  they  are  of  Pliocene  age,  though  hitherto  referred 
to  the  Miocene.] 

Although  more  evidence  is  required,  all  that  is  known  favours 
the  conclusion  that  Central  America  is  now  a  ver)'  much  higher  and 
more  connected  tract  of  land  than  it  was  at  any  period  of  Tertiary 
time  and  that  there  has  been  upheaval  during  Pleistocene  time. 

It  is  satisfactory  to  find  that  on  this  point  we  are  really  in  accord 
with  Prof.  A.  Agassiz.  In  Part  I.  of  this  memoir  we  quoted  certain 
passages  from  ^  The  Three  Cruises  of  the  Blake,'  the  meaning  of 
which  we  took  to  be  that  in  Prof.  Agassiz's  opinion  the  complete 
separation  of  the.  Atlantic  and  Pacific  Oceans  by  the  elevation  of  the 
Iiithmos  took  place  at  the  close  of  Cretaceous  time.  Prom  a  letter 
with  which  he  has  recently  favoured  us  we  find  that  we  mis- 
understood him,  and  what  he  meant  to  convey  was  that  a  freer  com- 
munication between  the  two  oceans  had  existed  in  Cretaceous  than 
in  early  Tertiary  time,  and  that  the  ridging  up  of  the  sea-fioor  which 
eventually  led  to  their  separation  begem  in  Eocene  time.  Mention- 
ing the  Cretaceous  deposits  of  the  southern  part  of  the  Isthmus,  he 
writes  :  '*  I  merely  assumed  that  this  connection  was  quite  extensive 
and  must  have  continued  from  that  time  more  or  less  uninter- 
ruptedly nearly  to  the  present  time,  and  that  during  that  time  the 
Gulf  Stream  must  have  passed  over  the  Isthmus  of  Panama,  or  a 

great  part  of  it,  into  the  Pacific I  concluded  in  a  general  way 

that  the  separation  of  Atlantic  and  Pacific  commenced  at  some  time 
late  in  Cretaceous  or  early  in  Tertiary  time,  and  was  absolute  only 
in  the  lat>est  Tertiary  or  comparatively  recently.  The  district 
affected  extended  from  the  Isthmus  of  Tchuantepec  to  and  including 
the  northern  part  of  South  America  (Colombia),  but  I  had  no 
intention  of  stating  that  the  separation  was-  complete  at  first." 

We  have  quoted  Prof.  Agassi/Zs  letter  because  on  re-perusing  the 
passages  referred  to  we  still  think  they  seem  to  bear  the  construction 
we  put  upon  them,  and  it  is  therefore  the  more  needful  that  the 
author's  meaning  should  be  explained. 

The  opinion  has  been  expressed  that  unless  the  Isthmus  was  very 

*  J.  Crawford,  Brit  Assoc.  Rep.  1890,  p.  812, 
^  Am.  Jounu  Sci.  voL  xlii.  (1891)  p.  309. 
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deeply  submerged  the  bulk  of  the  Gulf  Stream  water  would  still  "he 
deflected  instead  of  passing  through  the  opening.  As  the  Gulf  Stream 
is  a  surface-current,  and  its  depth  where  crossed  by  the  'Challenger' 
in  May  1873  was  ascertained  to  be  100  fathoms,  it  seems  safe  to 
conclude  that  a  fairly  wide  gap  600  feet  deep  in  the  centre  would 
be  sufficient  to  give  it  passage.  But  we  think  it  highly  probable 
that  the  depth  of  water  ov^r  parts  of  Panama,  Costa  Kica,  and 
Nicaragua  was  much  more  than  100  fathoms.  Some  of  the 
Pliocene  limestones  of  Jamaica  may  well  have  been  formed  in  400 
to  500  fathoms,  and  as  they  have  been  raised  to  levels  of  between 
2000  and  3000  feet  above  the  sea  thev  may  be  taken  to  indicate 
an  upheaval  of  from  4800  to  6000  feet  (800  to  1000  fathoms).  If 
anj-thing  like  this  change  occurred  also  in  Central  America  very 
little  of  it  could  have  been  above  the  sea-level  in  Pliocene  time,  for 
very  little  of  it  is  now  1000  feet  above  that  level. 

Our  belief  that  there  was  free  communication  between  the 
Atlantic  and  Pacific  at  a  lat^  period  in  Tertiary  time  is  strengthened 
by  the  very  nature  and  contents  of  the  raised  Oceanic  Deposits. 
Eadiolarian  ooze  is  at  the  present  time  specially  characteristic  of 
the  tropical  parts  of  the  Pacific  Ocean.  It  occurs  chiefly  between 
the  depths  of  2300  and  2900  fathoms,  but  as  both  red  clay  and 
Globigerina-ooze  occur  at  the  same  depths  its  formation  is  clearly 
dependent  on  other  conditions  besides  those  of  depth  and  surface- 
temperature.  The  fact  that  these  three  different  kinds  of  oceanic 
ooze  all  occur  in  the  Pacific  and  replace  one  another  at  these  depths 
suggests  that  the  Oceanic  Deposits  of  Barbados  which  include  the 
same  three  varieties  were  formed  in  water  of  about  the  same  depth 
(2000  to  3000  fathoms),  and  strongly  support-s  the  view  that  the 
Caribbean  Sea  was  then  as  much  a  part  of  the  Pacific  as  of  the 
Atlantic  Ocean. 

It  may  fairly  be  asked,  however,  how  this  could  be  if  at  that 
time  the  Atlantic*  Equatorial  current  traversed  the  Caribbean  Sea 
and  set  into  the  Pacific.  Would  not  the  organic  deposits  of  this 
sea  be  still  likely  to  have  an  Atlantic  aspect  ?  To  this  it  may 
be  replied  that  the  Equatorial  current  would  doubtless  pass 
over  the  southern  part  of  Central  America,  south  of  the  high  plateau 
of  Guatemala,  and  that  there  would  probably  be  an  incurrent  stream 
from  the  Pacific  over  the  Isthmus  of  Tehuantepec  bringing  Pacific 
water  into  the  Gulf  of  Mexico  and  the  Antillean  area.  This  would 
introduce  the  radiolaria  which  now  sm  arm  in  the  Pacific,  and  they 
would  doubtless  flourish  in  the  warm  waters  of  the  intra^American 
Seas. 

At  the  present  time,  though  the  greater  part  of  the  Caribbean 
Sea  is  over  2000  fathoms  deep,  no  radiolarian  ooze  is  found  upon  its 
floor.  The  deposit  now  accumulating  in  this  sea  is  a  Ghhigerina" 
ooze  of  a  reddish-brown  tint,  while  in  the  shallower  waters  around 
the  Caribbean  islands  a  white  pteropod  ooze  is  the  usual  deposit. 
Both  often  contain  radiolaria,  but  never  in  any  considerable 
quantity. 

These  facts  show  how  great  a  change,  has  takeu  place  in  the 


Digitized  by 


Google 


05  THK  OEOLOGT  OF  BARBADOS.  225 

physical  conditions  of  the  region,  and  they  are  in  accord  with  all  the 
other  available  evidence.  When  the  upheaval  which  sot  in  during 
Pleistocene  time  had  finally  shut  out  the  Pacific  waters,  Atlantic 
types  gained  the  mastery  in  the  Caribbean  Sea  and  have  to  a  large 
extent  replaced  the  older  Antilleo-Pacific  fauna.^ 

Discussion. 

The  Chairman  said  that,  since  the  late  Dr.  Brady  wrote  on  the 
"  so-called  Soapstone  of  Fiji,"  there  had  been  no  communication  on 
the  subject  of  oceanic  deposits  of  such  importance  as  Mr.  Jukes- 
Browne  and  Prof.  Harrison's  paper,  which  dealt  with  them  from 
a  physical,  chemical,  and  biological  point  of  view.  In  both  cases 
the  deposits  were  held  to  be  of  late  Tertiary  age,  and  this  conclusion 
made  the  excessive  depths  at  which  the  Barbados  earths  were 
supposed  to  have  been  deposited  all  the  more  startling.  Possibly 
the  species  of  Archceopneustes  described  by  Mr.  Gregory  might  point 
to  shallower  waters. 

Dr.  Blanpori)  regretted  that  a  diagram-map  of  the  West  Indies 
had  not  been  hung  in  the  meeting-room.  He  asked  for  further 
evidence  as  to  the  red  clay  being  a  deep-sea  deposit.  The  mamma- 
Han  fauna  of  South  America,  as  he  had  pointed  out  on  a  previous 
occasion,  could  not  be  explained  unless  North  and  South  America 
had  been  united  at  times  during  the  Tertiary  era.  Turning  from 
these  minor  points  he  congratulated  the  Authors  on  having  conclu- 
sively answered  the  challenge  thrown  down  to  geologists  some  years 
ago,  to  produce  true  deep>-sea  deposits  that  had  been  raised  above 
the  sea-level.  If  it  was  urged  that  Barbados  was  on  the  edge  of 
the  oceanic  area,  the  same  remark  would  assuredly  not  apply  to 
Jamaica.  The  discovery  in  Barbados  of  both  Olohigerinci-  and 
radiolarian  ooze  intercalated  between  shallow-water  deposits  was 
clear  evidence  that  portions  of  the  continental  area  might  be  de- 
pressed to  oceanic  depths  and  re-elevated. 

Prof.  SoLLAs  congratulated  the  Authors  on  the  strength  of  their 
case.  It  could  no  longer  be  put  forward  as  an  assured  fact  that  deep- 
sea  deposits  never  enter  into  the  constitution  of  land-masses.  Still, 
the  evidence  of  the  excessive  depths  claimed  by  the  Authors  did  not 
amount  to  demonstration  ;  it  was  of  the  nature  of  analogy,  which 
^was  sometimes  misleading.  It  was  to  be  hoped  that  additional 
fossils  of  the  Metazoa  would  be  discovered  in  the  chalky  beds.  A 
▼astly  larger  number  of  observations  are  required  to  define  the 
hathymetrical  limits  of  a  species  or  group  than  in  many  cases  we  at 
present  possess.  Striking  exceptions  to  general  rules  are  numerous 
enough  to  give  us  pause ;  even  so  characteristically  a  deep-water 

^  For  ooDfirraaiion  of  the  extent  to  which  the  faun»  of  the  Pacific  and 
Caribbean  waters  still  resemble  one  another,  see,  as  re^rrls  moUusca,  P.  P. 
Carpenter,  Brit.  Assoc.  Kept,  for  185(),  p.  3B3 :  as  regards  eohinoderms,  Verrill 
and  A.  Agassiz,  quoted  by  Sir  Wyrille  Thomson,  *  Depths  of  the  Sea/ p.  13 ;  and 
as  regards  deep-water  animals,  letters  on  *  Dredging  Operations  on  the  West 
Coast  of  Central  America,'  Bull.  Mas.  Oomp.  ZooL  vol.  xxi.,  Cambridge,  \J.S., 
reprinted  in  '  2(ature,'  Jan.  21st,  1892. 
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group  as  the  Hexactinellida  has  afforded  one  instance  of  a  compara- 
tively shallow- water  species,  Ci/stispongia  superstes  having  been 
dredged  from  18  fathoms  off  Yucatan. 

Prof.  Habrison  pointed  out,  in  answer  to  Dr.  Blanford's  remarks, 
that  the  evidence  upon  which  the  red  and  mottled  argillaceous  earths 
of  the  Oceanic  Series  were  considered  by  Mr.  Jukes-Browne  and 
himself  to  be  deep-sea  deposits  was  the  close  resemblance  in  physical 
properties  and  chemical  composition  which  they  present  to  certain 
of  the  modern  deep-sea  oozes  which  have  been  termed  '  red  clays/ 
and  that  the  only  organisms  found  in  them  were  purely  siliceous, 
being  principally  the  remains  of  radiolaria  with  a  few  sponge- 
spicules.  The  '  clay  *  occurring  in  the  pure  radiolarian  marls  was 
also  separated,  and  upon  comparison  was  found  to  be  similar  to  the 
argillaceous  earths.  The  term  *  red  clay '  appears  to  have  been 
used  in  the  '  Challenger '  Expedition  Ileports  in  a  very  comprehen- 
sive manner,  as  under  it  are  included  not  only  argillaceous  deposits 
containing  but  few  organisms,  but  also  deposits  consisting  in  some 
cases  of  radiolarian,  and  in  others  of  foraminiferal  organisms. 

Mr.  J.  W.  Gbegoey  remarked  that,  as  the  new  echinoid  occurred 
in  a  limestone  at  the  extreme  top  of  the  Oceanic  Series,  it  in  noway 
disproved  the  deep-sea  origin  of  the  radiolarian  marls.  He  fully 
agreed  with  Dr.  Blanford  in  doubting  any  considerable  submergence 
of  the  Isthmus  of  Panama  in  Upper  Cainozoic  time ;  Dr.  Maack's 
collection  proved  only  an  Eocene  or  Miocene  submergence,  and  the 
survej's  of  Lieut.  Wyse  and  the  French  engineers  of  the  Canal  had 
not  revealed  any  considerable  elevation  of  the  recent  marine  deposits. 
He  exhibited  specimens  of  radiolarian  marls  from  Cuba,  which  were 
identical  in  characters,  variation,  and  mode  of  occurrence  with 
those  of  Barbados,  and  he  maintained  that  this  completed  the 
Authors'  case,  and  disproved  the  objection  that  had  been  advanced 
that  these  deep-sea  deposits  only  occurred  on  the  margin  of  a 
volcanic  area. 

Mr.  W.  Hill  drew  attention  to  the  contents  of  the  calcareous 
earths  and  their  resemblance  to  modern  chalky  oozes. 
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17.  The  Olenellus  Zone  in  the  North-west  Highlands  op  Scotland. 
By  B.  N.  Peach,  Esq.,  F.R.8.E.,  F.G.S.,  and  J.  Hobne,  Esq., 
F.R.S.E.,  F.O.S.     (Read  Februarj-  10th,  1892.) 

[Communicated  by  permission  of  the  Director-Qeneral  of  the 
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While  tracing  the  various  subdivisions  of  the  Durness  Series  of 
quartzites  and  limestones  from  Sutherland  southwards  into  Ross- 
shire,  careful  attention  has  been  paid  to  any  indications  of  fossiliferous 
zones  which  might  throw  additional  light  on  the  age  of  the  strata. 
During  last  season^s  campaign,  certain  sections  in  the  Dundonnell 
Forest  happily  furnished  the  evidence  which  has  been  eagerly  sought 
after. 

§  1 .  Physical  Features  op  the  Dundonnell  Forest. 

Between  Little  Loch  Broom  and  Loch  Maree  the  members  of  this 
series  traverse  one  of  the  wildest  tracts  in  the  west  of  Ross-shire. 
The  Dundonnell  Forest  lies  mainly  to  the  south  of  the  head  of  Little 
Loch  Broom,  stretching  southwards  by  An  Teallach  (3483  ft.)  to 
Loch  an  Nid  and  Creag  Rainich  (2646  ft.).  The  southern  portion 
of  the  Forest  is  drained  by  the  Loch  an  Nid  river,  which,  finding 
its  source  in  the  loch  of  that  ]iame,  flows  northwards  for  about 
three  miles  towards  the  shooting-lodge  of  Achneigie.  The  river  is 
bounded  on  the  east  for  part  of  this  distance  by  a  precipitous  crag 
(1000  ft.  high),  and  on  the  west  by  the  long  dip-slopes  of  quartzite 
and  Torridon  Sandstone  of  Sgurr  Ban  (3194  fb.)  and  Ben  a 
Chlaidhcimh.  Near  Achneigie  the  river  bends  towards  the  north- 
west, soon  pouring  its  waters  into  Loch  na  Sheallag.  From  this 
loch  issues  the  Gruinard  river,  discharging  into  Gruinard  Bay. 

The  sections  from  which  the  fragments  of  OlenelltLs  were  obtained 
occur  along  the  eastern  slope  of  the  valley  drained  by  the  Loch  an 
Nid  river,  between  Loch  an  Nid  and  Achneigie.  Though  there  is 
here  conclusive  evidence  of  the  continuation  of  those  terrestiial 
displacements  described  in  a  former  communication  to  this  Society/ 
the  area  is  comparatively  free   from  those  extreme  complications 

*  'Report  on  the  Recent  Work  of  the  Geological  Survey/  Ac,  Quart.  Journ. 
Geol.  Soc.  Tol.  xliT.  (1888)  p.  378. 
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80  characteristic  of  the  region  between  Assynt  and  Loch  Eriboll. 
Owing  to  the  admirable  exposures  on  the  mountain-slopes  and  to  the 
well-nigh  continuous  sections  in  some  of  the  streams  the  relations 
of  the  strata  are  clearly  displayed. 

§  2.  General  Geological  Features. 

In  this  portion  of  the  Dundonnell  Forest  the  basal  quartzites  rest 
with  a  marked  unconformability  on  theTorridon  Sandstone,  which  is 
admirably  defined  on  the  dip-slopes  of  Sgurr  Ban  and  Ben  a 
Chlaidheimh.  Bed  after  bed  of  the  underlying  Torridon  Sandstone 
is  transgressed  by  the  pebbly  grit, at  the  base  of  the  quartzites. 
Here,  as  elsewhere,  the  evidence  plainly  demonstrates  that,  prior  to 
the  deposition  of  the  quartzites,  the  older  rocks  were  elevated,  gently 
inclined,  and  subsequently  worn  down  to  a  great  plane  of  marine 
denudation  (see  fig.  2,  p.  233). 

From  the  base  of  the  quartzites  there  is  an  unbroken  sequence, 
in  certain  sections,  either  to  the '  Serpulite  Grit '  or  to  the  basal  bands 
of  the  Durness  Limestone.  At  these  horizons  the  fossiliferous 
strata  are  truncated  by  a  powerful  thrust,  which,  at  Loch  an  Nid, 
brings  forward  a  slice  of  Archeean  rocks  with  the  Torridon  Sandstone 
and  basal  quartzites,  forming  one  of  the  striking  geological  features 
of  the  district.  The  fragments  of  Olenellus  were  discovered  in  the 
undisturbed  area  to  the  west  of  this  important  structural  line. 

§  3.  Allt  Rioh  Ian  Sbctiok. 

The  locality  where  the  fossiliferous  dark  blue  shales  in  the 
'  Fucoid  Beds '  were  first  observed  while  mapping  this  part  of  the 
Forest,  and  where  portions  of  Olenellus  were  first  found  by 
Mr.  Macconochie,  occurs  in  a  small  stream  on  the  eastern  side  of  the 
valley,  joining  the  Loch  an  Nid  river  about  half  a  mile  to  the  east 
of  Achneipie.  Eising  in  the  drift-clad  plateau  formed  by  the 
eastern  schists,  the  Allt  Righ  Ian  furnishes,  in  the  lower  part  of 
its  course,  a  continuous  section  of  certain  members  of  the  Durness 
Series.  From  the  materials  brought  down  during  heavy  fioods  a 
great  cone  has  been  formed  at  the  mouth  of  this  bum  on  the  right 
bank  of  the  river. 

Joining  the  bum  at  the  head  of  this  cone,  the  passage-beds 
between  the  basal  quartzites  and  the  overlying  *  Pipe-Rock '  are 
exposed.  Ascending  the  section,  all  the  various  sub-zones  of  the 
*  Pipe- Rock '  ^  are  met  with,  followed  in  regular  order  by  the  *  Fucoid 
Beds.'  Here  the  burn  has  cut  a  small  gorge  in  the  brown  dolomitic 
shales  and  bands  of  rusty  dolomite  forming  the  lower  part  of  this 
zone.  Just  above  the  point  where  the  burn  is  crossed  by  the 
hill-road  between  Dundonnell  and  Achneigie,  the  upper  portion  of 
the  ^  Fucoid  Beds '  is  seen.  Owing  tx)  a  slight  fall  in  the  slope  of 
the  ground,  the  stream  has  carved  for  a  short  distance  above  tiie 

^  See  Vertical  Section  II.  of  Durness  Series,  Quart  Joum.  Qeol.  See.  vol.  xliv. 
(1888)  p.  406. 
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mountain-path  a  broader  channel,  which  is  partly  filled  with  gravel, 
particularly  after  a  heavy  rainfall.  For  this  reason  the  higher 
members  of  the  zone  are  not  so  well  exposed. 

At  this  part  of  the  section  the  attention  of  the  observer  is  at  once 
arrested  by  two  prominent  bands  of  dark  blue  shale,  intercalated 
in  the  normal  dolomitic  beds  of  the  zone.  The  upper  band  is  about 
3  feet  and  the  lower  one  about  9  feet  from  the  top  of  the  '  Fucoid 
Beds.'  Some  of  these  dark  blue  shales  are  slightly  calcareous  and 
are  traversed  by  small  worm-casts.  The  fragments  of  Olenellus 
were  found  in  the  lower  band,  the  best  specimens  being  confined 
to  a  seam  less  than  an  inch  thick. 


Fig.  1. — Section  in  Allt  High  lan^from  the  base  of  the  '  Pipe-Rock'* 
to  the  Moine  Oirust-plane. 

Hill-road 
W.  to  Dundounell.  E. 


[Length  of  section =400  yards.] 

2.  Thrust  Torridon  Sandstone.  6.  *  Serpulite  Grit.* 

4.  '  Fipe-Rock.'  7.  Basal  Bands  of  Durness  Limestone. 

5.  *  Fucoid  Beds.'  10.  Eastern  schistB. 
5'.  Olenellus  Zone  in  '  Fucoid  Beds.' 

T.  Glen  Logan  TbrusU  T^.  Moine  Thrust 

The  upper  limit  of  the  *  Fucoid  Beds  '  is  well  defined,  the  base  of 
the  '  Serpulit^  Grit '  forming  a  small  cascade  over  which  the  stream 
leaps  on  to  the  softer  beds  below.  Along  certain  lines,  the  higher 
zone,  which  here  consists  of  a  massive  grit,  is  crowded  with  Serpulites 
MoAXuUochii  (Salterella)  in  splendid  preservation. 

From  the  base  of  the  '  Pipe-llock '  to  the  highest  visible  portion 
of  the  '  Serpulite  Grit,'  the  strata  have  a  persistent  dip  to  the 
south  of  east  at  an  average  angle  of  16^ ;  the  total  thickness  of  beds 
amounting  to  400  feet. 

The  normal  sequence  of  the  Durness  Series  is  here  intermpted  by 
a  poweriul  thrust,  already  referred  to  as  one  of  the  striking  geological 
features  of  the  district,  which  brings  forward  a  thin  wedge  of 
Torridon  Sandstone,  through  which  the  stream  has  cut  a  small  gorge. 
Though  changed  in  tint  and  considerably  crushed,  this  mass  can  be 
readily  identified  after  a  careful  study  of  the  geological  structure  of 
the  region.  When  traced  southwards  in  the  direction  of  Loch  an 
Xid,  this  slice  of  Torridon  Sandstone  increases  in  thickness  and  is 
Been  to  rest  unconformably  on  undoubted  Archaean  rocks.  Within 
a  short  distance  to  the  east,  in  Allt  High  lun,  the  crushed  Torridon 
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Sandstone  is  truncatsd  by  the  Moine  Thrust  which  ushers  in  the 
Eastern  Schists. 


§  4.  Sections  north  op  Allt  Kioh  Ian. 

Immediately  to  the  north  of  Allt  High  Ian  the  strata  between 
the  higher  zones  of  the  '  Pipe-Eock '  and  the  basal  bands  of  the 
D  unless  Limestone  are  admirably  displayed  in  several  important 
stream-sections.  They  are  of  special  interest  from  the  excellent 
exposures  of  the  Olenellus  shales  and  from  the  organisms  found  in 
the  dolomitio  bands  associated  with  the  dark  blue  shales.  No 
fragments  of  trilobites  have  as  yet  been  found  in  these  sections, 
partly  owing  to  the  difficulty  of  following  the  fossiliferous  layer 
along  the  line  of  outcrop. 

One  of  these  streams  (unnamed  on  the  six-inch  map)  rises  on  the 
moory  watershed  between  Allt  Coire  Chaorachain  (draining  into 
Strath  Beg)  and  Strath  na  Sheallag.  About  a  mile  to  the  north  of 
Allt  High  Ian  it  is  crossed  by  the  hill-road  leading  to  Dundonnell, 
whence  it  flows  southwards  for  ^  mile,  where  it  is  joined  by  a  small 
tributary  (Allt  a  Chip).  Here  the  main  stream  is  deHected  to  the 
south-west,  joining  the  Loch  an  Nid  river  near  the  mouth  of  Allt 
High  Ian. 

Ascending  Allt  a  Chip  from  the  point  of  junction  with  the  main 
stream,  where  the  lowest  sub-zone  of  the  *  Pipe-liock '  is  seen  resting 
on  the  basal  quartzites,  an  excellent  section  is  exposed  in  the  sides 
of  a  small  gorge.  The  various  sub-zones  of  the  '  Pipe-liock '  are 
overlain  by  the  '  Fucoid  Beds,'  the  two  bands  of  dark  blue  shale 
occupj-ing  their  respective  horizons  near  the  top  of  the  zone  and 
separated  by  the  normal  dolomitic  beds.  Here  their  thickness  can 
be  accurately  measured  on  the  sides  of  the  chasm ;  that  of  the 
upper  being  3  feet  and  the  lower  19  inches.  A  layer  of  rusty 
dolomite  about  a  foot  thick,  overlying  the  lower  band  of  dark 
blue  shale,  was  found  to  be  crowded  with  excellent  specimens  of 
HyolitheSy  sp. 

Returning  to  the  main  stream  of  which  Allt  a  Chip  is  an  affluent, 
the  observer  crosses  a  similar  succession  of  strata  as  he  follows  the 
section  towards  the  watershed.  Here  again  both  layers  of  dark  blue 
shales  are  visible  near  the  top  of  the  '  Fucoid  Beds.'  the  upper  one 
cropping  out  at  the  base  of  a  small  waterfall  formed  by  the  overlying 
*  Serpulite  Grit.'  A  few  yards  below  this  latter  locality  numerous 
serpulites  (Salterella)  were  observed  in  a  brown  dolomitic  band 
associated  with  the  OJenelliis  shales.  Crossing  the  '  Serpulite  Grit  * 
there  is  an  excellent  ex[)osure  of  the  basal  bands  of  the  overlying 
Durness  Limestone,  forming  a  prominent  cliff  on  the  east  bank  of 
the  stream  about  300  yards  to  the  south  of  the  point  where  it  is 
traversed  by  the  hill-road  leading  to  Dundonnell.  Hero  the  top  of 
the  '  Serpulite  Grit '  passes  below  black  shaly  limestone,  4  feet  in 
thickness,  succeeded  by  15  feet  of  dark  mottled  limestone.  The 
black  limestone-shales,  weathering  with  a  brown  tint,  are  slightly 
cleaved,  but  they  are  crowded  with  splendidly-preserved  specimens 
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of  Serptdites  Maccullochii  (SaltereUa)  which  are  readily  seen  on  the 
weathered  surfaces.  These  beds  forming  the  base  of  Group  I.  of 
the  Durness  Limestone  Series  ^  are  truncated  by  the  thrust  traversing 
Allt  Righ  Ian,  bringing  forward  a  wedge  of  Torridon  Sandstone 
which  is  here  only  15  feet  thick. 


§  5.   SeOTIOKB  ITBAB  LoCH  AS  Nil). 

The  locality  where  the  trilobites  were  found  in  the  zone  of  the 

*  SerpuHte  Grit '  is  near  Loch  an  Nid,  about  eight  miles  to  the  N.N.E. 
of  Loch  Maree. 

For  nearly  two  miles  to  the  north  of  Loch  an  Nid,  the  quartzites 
form  prominent  escarpments  on  the  eastern  side  of  the  valley  and 
rise  to  a  height  of  several  hundred  feet  above  the  level  of  the  stream. 
Ascending  the'  rocky  slope  to  the  horizon  of  the  highest  zones  of  the 

*  Pipe-Eock '  the  observer  finds  a  narrow  belt  of  brightr-green  grassy 
ground,  formed  by  the  surface-soil  of  the  decomposing  'Fucoid  Beds' 
and  partly  covered  with  morainic  matter.  The  overlying  '  Serpulite 
Grrit'  gives  rise  to  a  more  or  less  continuous  escarpment,  disap- 
pearing at  intervals  underneath  a  thin  coating  of  drift  or  surface- 
soil.  At  this  level  the  attention  is  at  once  arrested  by  a  conspicuous 
geological  feature,  forming  one  of  the  great  structural  lines  on  the 
eastern  side  of  the  valley.  By  means  of  a  powerful  thrust  a  slice  of 
ArchsBan  rocks,  covered  unconformably  by  the  Torridon  Sandstone 
and  basal  quartzites,  is  made  to  overlie  the  members  of  the  Durness 
Series.  This  line  of  disruption,  which  is  the  northern  continuation 
of  the  well-known  thrust-plane  in  Glen  Logan  near  Kinlochewe,  can 
be  traced  with  remarkable  precision  along  the  mountain-slope  east 
of  the  Loch  an  Nid  river.  The  materials  immediately  overlying 
the  thrust-plane  form  a  prominent  diff,  over  which,  after  a  heavy 
rainfall,  numerous  rivulets  leap  on  to  the  members  of  the  Durness 
Series.  Many  of  these  streamlets  are  not  indicated  on  the  six-inch 
Ordnance  map,  but  they  are  of  especial  importance,  on  account  of 
the  excellent  sections  of  the  strata  dose  to  the  line  of  displacement. 

Immediately  to  the  north  of  Loch  an  Nid  there  are  three  small 
streams  traversing  this  escarpment  of  disrupted  gneiss.  The  first 
of  these  is  about  260  yards  distant  from  the  northern  shore  of  Loch 
an  Nid ;  after  crossing  the  Glen  Logan  thrust-plane  it  descends  a 
grassy  slope  to  the  underljring  quartzites,  joining  the  river  below  a 
fine  waterfall  near  the  mouth  of  the  loch.  As  this  stream  is 
indicated  on  the  six-inch  Ordnance  map,  it  forms  a  base-line  for 
measuring  the  distance  to  the  section  which  now  faUs  to  be 
described. 

About  200  yards  north  of  the  above-mentioned  rivulet  there  is  a 
small  section  of  especial  interest  at  the  base  of  the  escarpment  of 
displaced  Archsean  gneiss.  It  traverses  the  *  Serpi  lite  Grit*  and 
the  top  of  the  *  Fucoid  Beds,' the  underlying  strata  being  concealed 

*  See  oar  Beport  on  the  Geology  of  the  North-weet  of  Sutherland,  *  Nature/ 
vol.  xxxi.  p.  31. 

Q.  J.  G.  S.  No.  190.  B 
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by  materials  carried  down  during  heavy  floods  and  by  moraibio 
matter.  The  following  vertical  section,  measured  with  an  Ahuej 
level,  is  exposed  in  the  small  escarpment  cut  by  this  streamlet. 

feet,  inohes. 

'Grey  quartzose  grit  18  — 

Flaggy  grits,  with  intercalated  shales        7  — 

Grey  shales    1  — 

Dark  blue  shales  containing  O207t«A««  0  8 

Grey  grit    2  — 

Dark  grey  shales  1  6 

^Grey  quartrite  7  3 

Top  of  *  Fii-   /  Brown  dolomitio  shales,  with  hands  1       «-  o 

coidBeds.*     1     of  dark  shales. J      ^  ^ 

In  the  dark-blue  fossiliferous  shales  we  obtained  a  head-shield  and 
other  fragments  of  Olenellus  in  fine  preservation.  These  shales  are 
underlain  by  grey  grits  and  quartzites  forming  the  lower  portion  of 
the  escarpment  of  the  ^  Serpulite  Grit.'  When  traced  southwards 
along  the  hill-slope,  the  upper  and  lower  ledges  of  quartzose  grit 
coalesce  and  form  a  prominent  escarpment  overlying  the  '  Fucoid 
Beds.' 

About  100  yards  to  the  south  of  the  foregoing  section,  a  fragment 
of  Olenellus  was  found  by  Mr.  MaccoDochie  in  a  dark  shale  io  the 
*  Fucoid  Beds,'  exposed  in  a  streamlet  not  far  below  the  cliff  of  dis- 
rupted gneiss. 

For  nearly  J  mile  to  the  north  of  Loch  an  Nid,  the  *  Serpulite  Grit ' 
is  overlain  by  a  few  feet  of  the  basal  bands  of  the  Durness  Limestone, 
forming  the  lower  plane  or  *  sole '  of  the  Glen  Logan  thrust.  The 
limestone  is  not  visible  in  all  the  streamlets  within  the  foregoing 
limits,  but  where  it  is  exposed  and  not  much  altered  by  the  displace- 
ment of  the  overlying  materials,  seipulites  (SaltereUa)  occur  in  fine 
preservation. 

The  geological  structure  of  the  disrupted  masses  overlying  the  Glen 
Logan  thru8l>-plane  along  this  portion  of  the  Loch  an  Nid  Craig  is 
of  absorbing  interest.  But  the  description  of  these  complications 
is  foreign  to  the  main  object  of  this  paper.  It  is  sufficient  for  our 
present  purpose  to  state  that  these  displaced  masses  are  abruptly 
truncated  at  a  higher  level  by  the  Moine  thrust,  which  forms  the 
second  great  structural  feature  of  this  magnificent  crag. 

§  6.  COICPASISON  OF  THE  Zoi7E8  OF  THE  DuBKESS  SbKIES,  EXPOSED  IN 
THE  DUNDONNBLL  FoREST,  WITH  THEIB  PROLONGATIONS  TO  THE 
NORTH  AND  SOUTH  OF  THAT  REGION. 

The  discovery  of  Olenellus  in  the  *  Fucoid  Beds '  and  '  Serpulite 
Grit '  suggests  certain  interesting  questions  regarding  the  probable 
variation  of  the  subdivisions  of  the  Durness  Series  along  the  belt 
between  Loch  Eriboll  and  Strome  Ferry.  One  striking  result  of 
the  tracing  of  the  various  zones  from  Sutherland  southwards  into 
Ross-shire  is  the  remarkable  persistence  of  the  sub-zones  identified 
in  Assynt  and  at  Loch  Eriboll. 
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Beginning  with  the  basal  quartzites  (from  200  to  300  feet  in  thick- 
ness) they  preserve  the  same  character  along  the  whole  line.  They 
coQsist  of  flaggy  false-bedded  grits  and  qaartzites,  with  occasional 
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partings  of  shale,  which  are  destitute  of  those  wormrcasts  so  charac- 
teristic of  the  overlying  zone.  One  exception  seems  to  have  been  found 
to  this  apparent  absence  of  organic  Ufe.     In  the  course  of  last  season 
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one  of  US  observed  along  the  crest  of  the  ridge  between  Sgurr  Ban 
and  Ben  a  Chlaidheimh,  on  the  west  side  of  the  Loch  an  Nid  valley, 
vertical  worm-casts  in  a  band  of  quartzite  belonging  to  this  zone. 
In  the  Ben  Eay  Porest,  sonth  of  Loch  Maree,  certain  dark  grey  shales, 
which  may  probably  yield  organic  remains  at  some  future  time, 
occur  near  the  base  of  the  series. 

The  overlying  zone  of*  Pipe-Rock,' from  260  to  300  feet  thick,  dis- 
plays in  the  Dundonnell  Porest  the  five  sub-zones  so  typical  of  this 
subdivision  in  Assynt  and  the  regions  northwards  to  Loch  EriboU.' 
They  have  been  traced  southwards  through  the  mountainous  region 
sou^  of  Loch  Maree  towards  Loch  Kiiihom.  The  sub-zones  are  based 
on  the  peculiar  features  of  the  vertical  burrows  in  the  quartzite, 
which  are  probably  due  to  different  species  of  errant  annelids. 

At  the  top  of  the  third  sub-zone  on  Ben  Arkle,  Sotherlandshire, 
numerous  examples  of  Serpuliies  Maccullochii  (SaltereUa)  were 
observed  in  massive  quartzite  free  from  the  vertical  worm-burrows. 
A  band  possessing  the  same  lithological  characters,  and  occupying 
the  same  relative  position,  has  been  noted  in  certain  sections  in 
Assynt  and  to  the  south  of  Loch  Maree,  but  hitherto  it  has  yielded 
no  serpulites. 

The  '  Eucoid  Beds,'  varying  from  50  to  80  feet  in  thickness,  are 
remarkably  uniform  in  character  when  traced  along  the  belt  south- 
wards from  Loch  EriboU.  Ck)nsisting  mainly  of  brown  dolomitic  shales 
with  bands  of  rusty  dolomite,  they  are  traversed  by  numerous  worm- 
casts,  usually  flattened  and  resembhng  fuooidal  impressions,  a  re- 
semblance which  misled  the  older  observers.  But  between  Little  Loch 
Broom  and  Loch  Kishom  dark  blue  shales  near  the  top  of  the  zone 
have  been  observed  at  various  localities  evidently  occupying  the 
same  horizon  as  the  Olenellus  Shales  in  the  Dundonnell  Porest. 
Our  colleague,  Mr.  Gunn,  has  traced  these  dark  blue  shales  across 
the  col  from  Strath  na  Sheallag  into  Allt  Glean n  Chaorachain,  towaid>' 
Strath  Beg.  They  have  been  observed  in  Glen  Logan,  near  Kin- 
lochewe,  and  on  Meall  Giubhais  to  the  south  of  Loch  Maree. 
Another  officer  of  the  Geological  Survey,  Mr.  Lionel  Hinxman,  has 
also  detected  them  at  the  top  of  the  *  Pucoid  Beds,'  in  the  thrust- 
area  that  occupies  the  pass  between  Glen  Kishom  and  Tulloch 
in  Strath  Carron.  It  is  not  improbable  that  the  Olenellus  Shales 
may  yet  be  traced  continuously  through  a  great  part  of  Boss-shire. 

Of  special  interest  is  the  occurrence  of  Serpulites  Maceulloc^u 
(SaltereUa)  and  Hyolithes^  in  fine  preservation,  in  brown  dolomitic 
bands  associated  with  the  Olenellus  Shales  near  the  top  of  this  zone. 

Along  the  boundary-line  between  the  '  Pucoid  Beds '  and  the  over- 
lying zone  of  '  Serpulite  Grit,'  from  25  to  40  feet  thick,  there  is  fre- 
quently an  alternation  of  false-bedded  grits  and  shales,  evidently  the 
passage-beds  from  the  one  horizon  to  the  other.  This  intermediate 
series  is  conspicuously  developed  in  the  Loch  Eriboll  region,  and  it 
has  been  observed  to  a  more  limited  extent  in  Boss-shire.  Near  the 
crest  of  the  zone  the  quartzites  merge   into  carious  dolomitic  grit 

*  See  Quart.  Journ.  GeoL  Soo.  vol.  xliv.  (1888):  p.  406. 

Digitized  by  VjOOQ IC 


0LBNELLU8  ZONB  UT  THE  NORTH-WEST  HieBXANM.  235 

crowded  with  Serpulitcs  MaccuUochii  (Salterella)  and  traversed  by 
Tertical  worm -burrows,  projecting  as  long  pipes,  several  inches  in 
length,  on  weathered  surfaces. 

The  small  development  of  the  Durness  Limestone  represented 
in  the  Dundonnell  Forest  belongs  to  the  base  of  the  Ghrudaidh  Group. 
The  bands  immediately  overlying  the  '  Serpulite  Grit,'  are  richly 
charged  with  serpulites  like  the  corresponding  beds  in  the  EriboU 
sections,  a  sub-zone  which  has  been  recognized  along  the  whole  line 
from  EnboU  to  Loch  Eishom. 

The  appearance  of  serpulites  (SaUerella)  on  these  various  horizons 
ranging  from  the  '  Pipe-Rock '  to  the  basal  limestone,  and  their  asso- 
ciation with  Olenellus  in  the  '  Fucoid  Beds '  and  *  Serpulite  Grit '  lead 
us  to  cherish  the  hope  that  portions  of  Olenelhig  may  yet  be  found  in 
certain  shales  in  the  quartzites  and  probably  in  the  lowest  group  of 
limestone. 

§  7.  Conclusions  dsawn  from  the  Discovery  or  Olenellus* 

The  evidence  now  adduced  proves  (1)  that  the  ^  Fucoid  Beds '  and 
'  Serpulite  Grit '  are  of  Lower  Cambrian  age,  the  quartzites  forming 
the  sandy  base  of  the  system ;  (2)  that  the  Torridon  Sandstone,  which 
is  everywhere  separated  from  the  overlying  quartzites  by  a  marked 
unconformability,  is  pre-Cambrian. 

§  8.  Description  op  Fossil  Kemaiks. 

Of  the  organic  remains  obtained  from  the  dark  shale-bands 
mentioned  in  the  former  part  of  this  paper,  fragments  of  trilobites 
are  the  most  abundant,  and  the  portions  most  commonly  met  with 
are  their  carapaces.^ 

From  a  collection  of  over  fifty  specimens  there  are  only  three  that 
show  any  other  recognizable  part  of  the  animal.  One  is  a  body- 
segment,  either  the  first  or  second ;  another,  from  its  greatly  de- 
veloped recurved  pleural  spine,  may  be  referred  to  the  third  segment ; 
while  the  remaining  one  appears  to  be  a  portion  of  a  styliform 
i:elson. 

The  form  of  the  carapaces,  the  arrangement  of  the  glabella,  the 
palpebral  lobes  and  eye-slits,  the  cheek-spines,  and  the  absence  of 
any  true  facial  suture,  indicate  that  these  remains  are  refetable  to 
the  genus  Olenellus  and  to  that  section  of  it  characterized  by  0. 
Thompsoni  of  Hall. 

With  the  exception  of  a  few  portions  of  a  large  species  too  frag- 
mentary for  description  all  the  remains  may  be  ranked  under  odc 
species,  which  however  shows  a  considerable  range  of  individual 
variation. 

The  fragments  of  body-rings  and  telson  above  alluded  to  appear 
to  belong  to  different  individuals  and  cannot  be  referred  to  any  one 

^  [la  the  present  pwper  I  use  the  term  '  carapaoe  *  for  that  portion  of  the  test 
of  the  trilobite  which  is  homologous  with  the  shield  bearing  the  eyes  and 
oovering  the  six  pairs  of  Umbs  in  Limulus,  Scorpio,  Slinumia,  Eurypteriu,  and 
Pten/g<aw,—B,  N.  P.,  Feb.  26th,  1892.] 
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of  the  numerous  carapaces  found,  yet  all  the  fragments  are  marked 
with  a  similar  surface-ornamentation.  This  consists  of  a  network  of 
finely-raised  lines  enclosing  polygonal  flat-bottomed  depressions. 
Purther,  the  collection  affords  carapaces  of  the  dominant  species  of 
the  proper  size  to  fit  these  other  fragments.  The  presumption  there- 
fore is  in  favour  of  the  opinion  that  all  these  remains  belong  to 
members  of  one  species.  It  is  to  be  hoped  that  a  further  search  will 
yield  us  sufficient  material  to  clear  up  this  point  and  will  also  afford 
us  the  means  of  describing  the  larger  species,  the  remains  of  which 
at  present  in  our  possession  seem  to  indfcate  that  its  carapace  some- 
times attained  a  breadth  of  six  inches.  The  thanks  of  the  Authors 
are  due  to  Mr.  Charles  D.  Walcott,  Prof.  Brogger,  and  Prof.  Lapworth 
for  valuable  assistance  in  directing  them  to  the  literature  bearing 
upon  the  subject  of  OleneUus. 

Genus  Olenellus,  Hall,  1862. 

Before  entering  on  the  detailed  description  of  the  fossils,  it  may  be 
fitting  to  state  the  view  as  to  the  subdivision  of  the  genus  adopted 
in  this  paper ;  it  is  practically  identical  with  that  of  Walcott  as 
given  in  his  *  Fauna  of  the  Lower  Cambrian  or  Olendlwi  Zone,'* 
which  is  as  follows : 

I.  Olenellus  to  be  restricted  to  such  forms  as  have  the  character 

istic  Olenellid  carapace  and  styliform  telson,  the  type  of 
which  fe  0.  Thompsoni,  Hall,  and  including  the  species 
0.  OUbcrti,  Meek,  0.  Iddingsi,  Walcott,  and  0.  Walcatti, 
Schaler  and  Foerste. 

II.  Mesonacis,^   To  include  those  forms  with  Olenellid  carapaoe, 

Paradoxidean  pygidium,  and  with  greatly  produced  spines 
upon  the  central  lobes  of  one  or  more  of  the  body-  or  ab- 
dominal segments.  Type: — Mesonacis  vermontanaj  Hall, 
including  M.  asajphoul^,  Emmons,  and  M,  Mickwitzir 
Schmidt. 

III.  Holmia,^  To  include  those  forms  that  have   the   Olenellid 

carapace  with  Paradoxidean  pygidium,  and  a  row  of  spines 
down  the  centre  of  the  axis  of  the  body-rings  and  the 
occiput,  the  occipital  spine  being  often  greatly  elongated. 
Type  : — Holmia  Kjerulfi^  Holm,  including  H,  Broggeri^ 
Walcott,  and  H.  CaUavei^  Lapworth. 

It  is  in  this  restricted  sense  that  the  generic  term  Olendlus  is 
here  used. 

Olenellus  Lapwokthi,  nov.  spec     PL  Y.  figs.  1-11. 

Carapace  in  a  general  way  semicircular,  but  varying  in  different 
individuals,  from  the  length  being  sometimes  more  and  some- 
times  less   than   half  the  breadth.     On  the   dorsal   aspect  it  is 

»  Tenth  Annual  Report  U.S.  Geol.  Survey,  1888-1889,  pp.  633-636. 

'■^  Walcott,  Am.  Journ.  Sci.  toI.  xxix.  (1885)  p.  328,  figs.  1  &  2. 

*  Matthew,  Trans.  Roy.  See.  Canada,  toI.  vii.  sec.  4  (1889),  pp.  135-162. 
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margined  on  the  front  and  sides  bj  a  raised  border,  rounded  off 
outside  and  separated  from  the  cheeks  and  frontal  area  by  a 
depression.  This  border  is  narrow,  but  varies  in  breadth  in  different 
individuals^  being  nearly  twice  as  wide  in  some  as  it  is  in  others. 
In  all  it  is  widest  nearest  the  postero-lateral  angles  and  gradually 
diminishes  in  front  towards  the  middle  line,  being  about  one  third 
narrower  in  front  than  behind.  At  each  of  the  postero-lateral 
angles  the  carapace  is  continued  into  a  long  strong  spine,  directed 
backwards  and  slightly  outwards.  The  spine  also  varies  in  different 
individmds,  being  longest  and  strongest  in  the  most  elongated  forms. 
On  an  average  the  spine  measures  about  two  thirds  of  the  length  of 
the  carapace. 

The  posterior  margin  is  concave  and  divided  into  three  areas,  viz. 
a  central  one  coinciding  with  the  boundary  of  the  occiput,  and  two 
side  wings.  Each  of  these  latter  has  a  thickened  border,  which 
begins  narrow  at  the  edge  of  the  occipital  ring,  widens  out 
gradually  for  |  of  its  extent,  and  then  suddenly  tapers  off  just 
before  reaching  the  cheek-spine,  from  which  it  is  cut  off  by  a  wide 
and  shallow  notch.  No  tubercle  or  rudiment  of  a  spine  is  observable 
at  the  angle  where  the  band  bends  into  the  notch. 

The  cheeks  and  the  frontal  area  are  continuous,  rising  gently  and 
evenly  from  the  depression  bordering  the  marginal  fold ;  but  since 
the  fossils  are  preserved  in  shale  and  are  in  consequence  somewhat 
compressed,  there  is  no  means  of  finding  out  from  them  the  amount 
of  original  convexity.  The  glabeUa  and  eye-lobes  rise  steeply  out 
of  the  combined  genal  and  frontal  area,  the  external  or  visual  wall 
of  the  eye-lobes  being  almost  vertical. 

The  glabella  is  club-shaped,  rounded  in  front,  and  widest  where 
the  eye-lobes  merge  into  it  just  in  front  of  the  foremost  furrow. 
From  this  point  it  tapers  very  gradually  backwards ;  it  is  crossed 
by  three  furrows,  each  of  which  begins  at  the  outer  margins, 
pajsses  forward,  and  suddenly  bending  round  upon  itself,  passes 
inwards  and  backwards  to  meet  its  other  half  in  the  middle  line. 
Each  farrow  is  deepest  at  the  two  angles  and  shallowest  at  the 
middle  line.  A  fourth,  the  occipital  furrow,  crosses  from  side 
to  side  with  a  straighter  course  than  the  others,  though  it  is 
siall  bent  backwards  a  little  in  the  middle  line.  As  a  consequence 
of  this  arrangement  of  furrows  the  anterior  portion  of  the  carapace 
is  cordate;  the  three  succeeding  lobes  are  M-shaped,  and  the 
occipital  ring,  which  is  large,  is  deeper  at  the  sides  than  in  the 
middle  line.  The  occipital  ring  bears  a  short  rudimentary  spine  or 
tubercle  in  the  middle  line,  near  its  posterior  margin. 

The  eye-lobes  are  crescent-shaped  and  are  more  than  ^  the 
length  of  the  carapace.  Anteriorly  they  merge  with  the  glabella 
just  in  front  of  its  first  furrow.  Thence  they  extend  backwards 
and  slightly  outwards,  and  end  at  a  point  a  little  behind  the 
occipital  furrow  and  a  considerable  distance  from  the  edges  of  the 
occipital  ring. 

l^e  exterior  margin  of  the  orbit  is  steep,  and  from  its  crest  the 
toBt  sinks  more  gently  inwards  to  the  general  level  of  the  head. 
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The  Tisnal  portion  of  the  eye  occupies  the  greater  part  of  the  steep 
outer  edge  of  the  crescent,  and  though  no  actual  remnant  of  the  visoal 
memhrane  has  been  preserved,  the  place  it  once  occupied  is  repre- 
sented by  a  narrow  crescent-shaped  slit  with  rounded  extremities, 
which  describes  a  curve  of  about  one  third  of  a  circle.  This  is 
margined  by  a  thickened  ridge  or  pseudo-palpebra.  The  inner  or 
anterior  can  thus  of  the  eye  is  a  little  wider  and  more  rounded  than 
the  outer  or  posterior.  The  eye-lobe  and  the  edge  of  the  glabella 
almost  enclose  a  portion  of  the  test  whicli  stands  up  in  the  form  of 
a  gently-swelling  elongated  boss.  Xo  trace  of  a  facial  suture  is 
observable  on  the  dorsal  aspect  of  any  carapace  that  we  have 
studied. 

On  the  underside  of  some  specimens  the  doublure  is  shown  and  is 
always  a  little  wider  than  the  dorsal  marginal  ridge.  The  sutore 
along  the  external  edge  of  the  doublure  has  pot  been  observed,  but 
this  may  be  because  the  specimens  are  not  sufficiently  well  preserved 
to  show  it.  No  trace  of  the  facial  suture  has  been  found  where  it 
cuts  the  posterior  margin  in  Paradoxides^  though  the  specimens  were 
favourable  for  its  observation.  The  h3rpostome  has  not  l>een  observed. 

A  table  of  measuremeiiis  of  several  carapaces  of  0.  Lapworthi  is 
here  given  to  show  ike  amount  of  variation  in  form :  — 


M 

2473* 


M 


1.  ;   fig.  2.  '  ^8-  ^' 


mm. 

Length  along  middle  line  . 

16 

Breadth  just  in  front  of 

genal  spines 

28 

Distance     between     inner! 

cantbus  of  eves ! 

8 

Distance     between    outeri 

canthus  of  eyes 

U 

Length  of  genal  spine 

Breadth  of  margin  in  front' 

of  ^enal  spine  

Breadth  of   margin    near 

1-25 

middle  line   

•46 

mm. 
16-5 

35 

10 

14 
10 

1-5 


mm. 

18 

40 
11 
12 


M 

2472-, 
fig.  4. 

M 
2476'', 
fig.  7. 

2502*. 

ram. 
15 

mm. 
9 

ram. 
8 

25 

18 

14 

5 

1 

8 

8 

2 

1-5 

! 

1 

The  figures  at  the  top  of  the  columns  in  the  above  table  apply  to  the  numbers 
of  the  specimens  in  the  books  of  the  Geological  Survey  of  Scotland. 

Though  no  body-segment  has  been  found  attached  to  any  one  of 
the  numerous  carapaces,  yet  the  presumption  is  in  favour  of  the 
opinion  that  the  remains  of  segments  and  the  telson  already  men- 
tioned belong  to  this  species. 

The  first  or  second  body-segment  (PI.  V.  fig.  9)  consists  of  a 
central  lobe  7  mm.  wide  by  1-5  mm.  deep.  The  left  pleuron  is  best 
preserved,  and  is  8  mm.  by  1-5  mm.  deep.  It  is  continued  in  the  same 
straight  line  as  the  axis  of  the  central  lobe,  and  is  strengthened  on 
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both  margins  by  a  thickening,  the  anterior  one  being  the  stronger ; 
it  ends  in  a  short  pleural  spine  bent  backwards  at  nearly  a  right 
angle  to  the  pleuron.  A  groove  passes  obliquely  from  the  angle 
made  by  the  anterior  margin  with  the  edge  of  the  middle  lobe  to 
the  postero-lateral  angle.     No  tubercle  is  seen  on  the  middle  lobe. 

A  body-segment  with  central  lobe,  7  mm.  long  by  3  mm.  deep, 
with  left  pleuron  attached  7  mm.  long  (PI.  V.  fig,  10),  curves  off 
into  a  greatly  elongated  pleural  spine  15  mm.  in  length.  A  similar 
groove  to  that  already  described  crosses  the  pleuron  obliquely  and 
is  continued  into  the  spine.  Prom  the  great  length  of  the  spine 
it  is  probable  that  this  is  part  of  the  third  body-segment.  No  other 
s^;ment  has  been  observed. 

Telson. — ^A  portion  of  a  8t}*liform  telson  12  mm.  long,  with  an 
articular  surface  5  mm.  wide  at  the  anterior  end  and  4  mnu  wide  at 
the  broken  extremity,  is  preserved  as  an  isolated  fragment  on  a  slab 
with  the  remains  of  this  species  (PI.  V.  figs.  11  &  11  a). 

On  every  portion  of  the  upper  surface  the  test  is  ornamented  by 
a  network  of  raised  lines  which  enclose  polygonal  spaces  (PL  V. 
fig.  2  b).  The  nature  of  this  ornament  is  the  same  throughout,  but 
the  pattern  is  varied  according  to  position — the  spaces  becoming 
more  elongated  towards  the  lateral  margins.  In  the  present  species 
it  is  most  pronounced  upon  the  medial  lobes  of  the  glabella,  where  it 
can  be  seen  by  the  use  of  a  strong  lens.  On  an  average  three  of 
these  spaces  measure  about  one  millimetre.^ 

Tbe  above  description  shows  that  the  present  species  is  very  near 
to  Olenellus  Thompsoni  of  Hall.  It  differs  from  that  species  in 
being  smaller,  in  the  glabellar  furrows  crossing  the  glabella,  in  their 
general  arrangement,  and  in  the  presence  of  a  rudimentary  mesial 
spine  on  the  occipital  ring. 

From  0.  OUberti  it  differs  in  the  posterior  angle  of  the  palpebral 
lobes  being  removed  from  the  edge  of  the  glabella,  and  from 
0.  Iddingsi  and  0.  Wahotti  in  the  form  of  the  carapace. 

It  is  named  after  Prof.  Chas.  Lapworth,  F.R.S.,  who  has  done  so 
much  towards  the  elucidation  of  our  older  Palasozoic  rocks  and  who 
was  the  first  to  prove  the  existence  of  OUnellv^  in  our  own  country. 

Among  the  disjecta  membra  of  Olenellid  trilobites  from  the  dark 
shales  above  described  are  certain  portions  of  the  carapaces  of  a  much 
lai^r  species  than  that  desciibed.  Two  of  these  fragments  allow  of 
the  part  of  the  animal  to  which  they  belong  being  made  out.  The 
first,  represented  in  PI.  V.  fig.  12,  natural  size,  is  part  of  the  left 
angle  of  a  carapace  with  the  genal  spine.  It  bears  a  broad  marginal 
band,  and  the  genal  spine  is  short  and  broad.  The  width  of  doublure 
is  also  indicated  by  the  bulge  its  inner  margin  causes  by  being  com- 

^  An  ornamentation  similar  to  this  has  been  described  by  Walcott  as  ooourring 
in  O.  {Mesonacin)  asaphoides,  Emmons,  and  also  in  0.  {Holmia)  Brofffferi,  and 
by  Sobmidt  in  0.  (Afeaonacis)  MiokwitH. — Dr.  Hicks,  in  his  article  on  *  The 
FViuna  of  the  OleneUua  Zone  in  Wales'  in  Geo!.  Mag.  for  1892,  p.  21, 
mentions  tbe  occurrence  in  the  St.  David's  rocks  of  fragments  of  a  tnlobite 
which  *8bow  a  reticulated  ornamentation.'  These  fragments  be  asoribeB  to 
Olmdlus, 
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pressed  against  the  carapace,  and  shows  that  it  is  wider  than  the 
dorsal  marginal  band.  No  trace  of  an  *  interocular '  spine  of  Foord 
is  seen  on  the  posterior  margin.  The  chief  value  of  this  fragment 
is  to  show  that  the  characteristic  ornamentation  is  on  so  large  a 
scale  as  to  be  apparent  to  the  naked  eye.  The  elongation  of  the 
pattern  on  the  marginal  rim  is  also  very  distinctly  shown  (PL  Y. 
fig.  12  h),  and  reminds  one  very  much  of  the  characteristic  markings 
of  the  Asaphidce. 

Portions  of  test  with  this  characteristic  ornamentation,  which 
must  have  belonged  to  even  larger  individuals,  occur  in  the  col- 
lection; but  they  are  too  fragmentary  to  allow  of  their  being 
located  with  accuracy. 

The  fossils,  other  than  trilobites,  that  have  as  yet  been  obtained 
from  these  dark  shales  are  chiefly  remains  of  pteropods,  among 
which  a  Salter eUa  like  JS,  puUhella  occurs.  Several  species  of  Hyo- 
lithes  also  occur,  together  with  a  flattened  curved  tube  resembling  the 
Helenia  bellct  described  by  Walcott.  One  specimen  of  a  large  Ento- 
mostracan,  near  to  Aristozoe  rotundata,  is  also  found  in  the  collection. 

We  may  be  allowed  to  suggest  that  the  elongated  pleural  spines, 
together  with  the  enlarged  third  segment  so  pronounced  in  some 
species  of  Olenellv^  and  Faradoarides,  are  in  some  way  connected  with 
the  genital  apparatus,  and  they  may  be  sexual.  This  may  account 
for  their  being  sometimes  present  and  sometimes  absent  in  the  same 
species. 

One  word  of  speculation  as  to  the  systematic  position  of  the 
Olenellids  may  be  admissible  here.  The  absence  of  facial  sutures 
suggests  that  it  is  from  this  group  that  the  Limuloids  branch  off. 
The  ornamentation,  the  styliform  telson,  and  the  small  number  of 
body-segments  in  Olenelltis  proper  appear  to  indicate  a  dose 
relationship  to  the  Merostomata  through  such  forms  as  Styhnunu 
and  EurypUrus.  Olenellus  therefore  seems  to  form  a  central  point 
upon  which  the  more  modem  trilobites,  the  Limuloids,  and  the 
Merostomata  converge. 

EXPLAJNATION  OF  PLATE  V. 

Fig.  1.  Olenellus  Lapworthi. — Carapace,  nat.  size.     From  *  Fucoid  Beds/  Allt 

Bieh  Ian,  Dundonuell,  Boss-shire.    M  2473<i. 
Fig.  2.  O.  Lmpwortki. — Carapace,  nat.  size.    M  2468<*. 
Fig.  2  a.  0.  iTapt^or^Ai.— Counterpart,  nat.  size,  of  fig.  2.     Allt  Bigh  Ian. 
Fig.  2  b.  0.  Lapworthi. — Ornamentation  of  surface  of  carapace,  enlarged. 
Fig.  3.  0.  Lapworthi^  nat.  size,  from  '  Serpulite  Grit '  near  Loch  an  Nid,  Boas- 
shire. 
Fig.  4.  0,  Lapworthi, — Carapace  showing  underside,  nat.  size.     *  Fuooid  Bcd«,' 

Allt  Bigh  Ian.    M2472*. 
Fig.  5.  0.  Lapworthi. — Carapace,  nat.  size.    M  2482*. 
Fig.  5  a.  0.  Lapworthi. — Carapace   enlarged,   shows    glabellar   furrows  and 

surface  ornamentation.     *  Fucoid  Beds/  Allt  Bigh  Ian. 
Fig.  6.  0.  Lapworthi. — Portion  of  carapace,  nat.  size.   *  Fucoid  Beds/ Allt  Bigb 

Ian.    M  24790. 
Fig.  7.  0.  Lapworthi. — Portion  of  carapace,  nat.  size.    *  Fucoid  Beds,'  Allt  Bigh 

Ian.     M  2476«'. 
Fig.  8.  0.  Lapworthi. — Portion  of  carapace,  nat.  size.    *  Fucoid  Beds/  near  Loch 

an  Nid.    M  2517'*. 
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Fig.  9.  O.  LapworthL — ?  First  or  second  body-Begment,  nat.  siise.  '  Fucoid  Beds/ 

Allt  Bigb  Ian. 
Fig.  10.  0,  Lapwortki. — ?  Third  body-segment,  nat.  size.     *  Serpulite  Qrit*  near 

Loch  an  Nid. 
Fig.  11.0.  Lapwortki, — Fragment  of  telson,  nat.  size.  '  Fucoid  Beds/  Allt  Bigh 

Ian.    M2479-. 
Fig.  11a.  Counterpart  of  fig.  11. 
Rg.  12.  0Unettit3f  sp. — Fragment  of  carapace,  nat.  size.    *  Fucoid  Beds/  Allt 

Bigh  Ian. 
Fig.  12  a.  Counterpart  of  fig.  12. 

Fig.  12  b.  Ornamentation  from  margin  of  fig.  12,  magnified. 
Fig.  13.  Olenellus,  sp. — Fragment  of  carapace,  nat.  size.    Conjectural  restored 

outUne  to  show  probable  position  of  part  preserved.    '  Fucoid  Beds/ 

Allt  Bigh  Ian. 

The  numbers  M  2473**,  etc,  refer  to  the  List-books  of  the  Geological  Survey 
of  Scotland. 

DiBOTJSSION. 

Dr.  Hicks  was  much  pleased  to  find  that  the  interpretation  of 
the  succession  in  the  older  rocks  of  Scotland  now  given  by  the 
Authors  agreed  entirely  with  the  views  which  he  had  advocated  for 
so  many  years,  not  only  as  applicable  to  Wales,  but  generally  to 
the  British  Isles,  and  to  most  of  the  continent  of  Europe.  In  a 
map  of  Europe  published  in  the  Quart.  Joum.  Geol.  Soc.  in  1875, 
he  indicated  by  sections  the  varying  thicknesses  of  the  deposits  in 
the  different  countries,  and  the  order  of  the  succession  of  the  faunas, 
and  he  pointed  out  that  wherever  the  base-line  of  the  Cambrian 
rocks  was  seen,  it  was  found  to  rest  unconformably  on  pre-Cambrian 
rocks.  He  had  found  fragments  of  Olendlus  at  St.  David^s  in  the 
year  1868,  but  had  only  recently  recognized  that  they  were  portions 
of  the  carapace  of  that  genus.  Along  with  the  Olendlus  at  St. 
David's  there  appears  to  be  a  species  of  Conocoryphe.  The  latter 
genus  as  now  defined  has,  like  Olenellus,  no  true  facial  sutures,  but 
it  ranges  also  into  the  Middle  Cambrian,  and  is  there  associated 
with  the  genus  Paradoocides,  Now  that  the  Torridon  Sandstone  is 
recognized  to  be  of  pre-Cambrian  age,  it  is  a  matter  of  much  im- 
portance t'O  find  out  the  nature  of  the  fragments  contained  in  it,  as 
by  that  means  it  may  be  possible  to  arrive  at  some  idea  as  to  the 
composition  of  the  still  earlier  pre-Cambrian  formations.  He  had 
already  tabulated  a  considerable  number ;  but  doubtless  there  were 
many  others  which  he  had  not  met  with.  He  congratulated  the 
Authors  and  the  officers  of  the  Survey  associated  with  them  on  the 
important  results  of  their  labours,  and  he  hoped  they  would  soon  be 
able  to  add  to  their  discoveries  by  finding  other  faunas. 

Dr.  WoonwABi)  congratulated  the  Authors  on  their  admirable 
paper.  The  discovery  of  Olendlus  in  Scotland  fixed  with  certainty 
the  Lower  Cambrian  age  of  the  *  Serpulite  Grits '  and  *  Fucoid  Beds.' 
He  pointed  out  that  Mr.  Walcott  denies  the  presence  of  Olenellua  in 
Australia,  but  in  1886  Mr.  Hardman  had  sent  home  the  head  and 
spine  of  a  trilobite,  and  numerous  pteropods,  from  Eimberley, 
Western  Australia;  these  had  been  identified  by  Messrs.  R. 
Etheridge,  Jr.,  A.  H.  Eoord,  and  Dr.  Woodward  as  Olendlus  (?) 
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and  SdltereUa,  and  their  associated  occurrence  seemed  to  prove  most 
conclusively  the  Lower  Cambrian  age  of  these  rocks.  Great  stress 
had  been  laid  by  Mr.  Peach  on  the  non-detection  of  the  facial  suture 
in  OlenelluSj  as  proving  that  the  OleneUi  had  no  free-chethg,  and 
should  therefore  be '  separated  from  the  Trilobita.  But  in  Com- 
coryphe  and  many  other  trilobites  the  facial  suture  was  often 
obscure,  nevertheless  he  saw  no  reason  to  doubt  its  existence  in  all 
the  group — only  in  some  trilobites  it  was  more  visible  than  in 
others ;  nor  did  he  see  any  grounds  whatever  for  separating  the 
Olenelli  from  the  Trilobita,  as  ancestral  forms  of  Limuli,  more  than 
any  other  members  of  the  order,  with  which  they  certainly  agreed 
in  all  their  general  characters.  * 

The  Pkesident  spoke  of  the  detailed  and  accurate  field-work  on 
which  the  paper  was  based.  There  could  now  no  longer  be  any 
question  as  to  the  pre-Cambrian  age  of  the  Torridon  Sandstone, 
which  might  for  the  sake  of  brevity  be  termed  Torridonian,  until  its 
true  place  in  the  geological  record  was  fixed.  He  objected  to  the 
Torridon  Sandstone  being  classed  as  Archsean,  and  remarked  that 
already  the  oflScers  of  the  Geological  Survey  had  detected  traces  of 
organic  remains  in  it,  and  by  further  investigation  other  and  better- 
preserved  forms  might  be  obtained.  With  regard  to  the  discovery 
of  the  Olenellus-zone,  he  believed  that  we  were  only  at  the  threshold 
of  what  was  yet  to  be  found.  It  was  intended  to  prosecute  a 
vigorous  search  along  the  outcrops  of  the  strata  this  summer,  and  he 
hoped  that  before  long  they  would  have  further  results  to  commani- 
oate  to  the  Society  regarding  these  early  portions  of  the  Palaeozoic 
rocks. 

Prof.  Lapwobth  also  spoke. 

Mr.  Peach  replied  to  the  remarks  made  by  previous  speakers. 
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§  1.   iNTBODUCnOir. 

I»  a  previous  communication^  devoted  to  a  consideration  of  the 
question  whether  certain  rocks  in  North-west  Caernarvonshire, 
which  had  been  considered  pre-Cambrian,  were  really  of  that  age,  I 
arrived  at  the  conclusion  that  they  were  not,  mainly  on  three 
grounds :  (1)  that  the  pre-Arenig  rocks  of  Bangor  form  one  indi- 
visible series  whose  general  features  attach  them  to  the  Cambrian  ; 
(2)  that  the  felsite  at  Bryn  Efail  appeared  to  have  altered  the  sedi- 
mentary rocks  with  which  it  is  in  contact;  and  (3)  that  the 
series  on  the  west  of  Bryn  Efail  is  essentially  different  from  the 
series  on  the  east.  At  the  time  of  writing  the  paper  now  alluded  to 
I  was  perfectly  aware  that  the  proper  elucidation  of  the  question 
required  more  than  this.  The  only  thoroughly  satisfactory  way  of 
proving  that  a  set  of  rocks  are  not  pre-Cambrian  is  to  show  what 
they  are,  that  is,  to  trace  out  their  relations  with  the  other  rocks  of 
the  district  and  to  show,  if  possible,  that  they  are  part  and  parcel 
of  the  Cambrian  succession.  But  the  Cambrian  succession  had 
.  never  been  made  out.  Sir  Andrew  Bamsay  in  his  Memoir  describes, 
of  course,  the  Purple  Slates,  and  makes  mention  of  various  grits  and 
conglomerates ;  but  he  arranges  the  members  of  the  series  in  no 
definite  order,  and  supplies  no  detailed  description  of  their  charac- 
teristic features.  Hence,  to  determine  this  succession  requires  the 
detailed  survey  of  all  the  rocks  which  are  mapped  as  Cambrian  in 
the  district.  This  was  a  task  from  which  I  shrank,  having  at  the 
time  no  further  interest  in  the  rocks  if  they  were  not  pre- 
Cambnan. 

Recently,  however,  my  conclusions  have  been  attacked,  and  the 
grounds  for  them  called  in  question.  One  of  these  grounds — the 
section  at  Bryn  Efail — has  been  stated  to  be  founded  on  erroneous 

»  Quart  Joum.  Geol.  Soc  vol.  xliv.  (1888)  p.  271. 
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observation ' — and  after  a  re-examination  of  it,  I  have  to  confess  tliat 
this  is  true.  I  have  been  deceived  by  the  slaty  aspect  of  the  marginal 
remnants  of  tJie  squeezed  and  altered  greenstone — and  the  section 
has  no  bearing  on  the  question  in  hand — thus  illustrating  my 
remark  that  ''  it  is  ill  founding  a  determination  on  one  section." 
The  other  two  grounds,  however,  remain  intact,  and  the  conclusions 
on  further  examination  are  found  to  be  amply  justified. 

It  seemed  to  me,  however,  that  having  been  thus  led  into  error  I 
could  best  atone  for  it  by  undertaking  the  work  from  which  I  had 
previously  shrunk.  It  has  been  a  hard  and  laborious  task,  but  the 
results  will  be  found,  I  trust,  to  amply  repay  the  labour. 

The  Cambrian  succession  as  I  make  it  out  is,  in  descending  order, 
as  follows  :— 

1.  Pale  Slates. 

2.  Upper  Purple  Slates. 

3.  St.  Ann's  Grit 

4.  Lower  Purple  Slates. 

5.  Hhiw-wen  Grit 

6.  Hard  banded  Pale  Slates  and  Halleflintas. 

7.  Banffor  Conglomerate. 

8.  Hard  banded  Pale  Slates  and  Halleflintas. 

9.  Bangor  Breccia. 

10.  Blue  banded  Laminated  Ghrits. 

11.  Tairffjrnnon  Conglomerate. 

12.  Blue  banded  Laminated  Grits. 

13.  Brithdir  Quartz-felspar  Grit. 

As  will  be  se^n  in  the  sequel,  all  these  members  are  not  inva- 
riably present.  Thus,  when  the  St.  Ann's  Ghit  dies  out,  the  Upper 
and  Lower  Purple  Slates  run  into  a  single  mass.  The  Ehiw-wen 
Orit  is  often  wanting.  The  Bangor  Conglomerate  does  not  appear 
to  occupy  a  definite  horizon  and  when  it  is  absent  the  rooks  above  and 
below  can  scarcely  be  distinguifi^hed,  while  the  same  may  be  said  of 
the  conglomerates  in  the  Blue  Laminated  Grits.  Thus  the  complete 
series  reduces  to  three  main  subdivisions : — 1.  The  Purple  Slate 
series.  2,  Pale  banded  Slates  and  Halleflintas.  3.  Laminated 
Orits  and  Conglomerates. 

§  2.  The  Upper  Limit  op  the  Sebibs  considered. 

Before  commencing  the  description  of  these  various  members  or 
tracing  their  range  and  relations,  I  must  give  reasons  for  excluding 
&om  tibe  series  the  grit  which  has  been  hitherto  taken  to  be  the  top 
and  which  is  known  (amongst  other  names)  as  the  Bronllwyd  Grit. 
Doubtless,  the  justification  for  including  it  in  the  Cambrian  has 
been  its  great  resemblance  in  some  places  to  the  St.  Ann's  Grit, 
particularly  when  they  both  contain  small  quartz-pebbles.  But  it 
cannot  be  denied  that  the  Cambrian  strata  below  present  throughout 
well-marked  peculiarities,  and  the  line  of  subdivision  between  these 
and  the  Bronllwyd  Grit  is  easily  traced.  On  the  other  hand,  the  Silu- 
rian strata  above,  as  mapped  by  the  officers  of  the  Geological  Survey, 

^  MiBB  0.  A  Baisin,  Quart.  Joum.  GeoL  Soc.  voL  xlvii  (1891)  p.  329. 
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present  equally  well-marked  characters.  They  are  never  purple, 
but  always  brown  or  grey,  and  they  have  a  habit  of  becoming  alter- 
nations of  thin  beds  of  grit  and  slate,  which  elsewhere  shade  into 
each  other,  and  hence  a  line  of  separation  from  the  Bronllwyd  Grit 
cannot  be  drawn  with  accuracy.  Moreover  a  bed  of  grit,  often 
attaining  an  immense  thickness,  particularly  if  we  are  justified  in  cor- 
relating this  with  the  Harlech  Grits,  is  the  more  natural  commence- 
ment of  a  new  series  of  rocks,  in  which  similar  grits  recur,  than  a 
band  of  slate  intervening  between  two  such  grits  would  be.  These 
reasons  alone  appear  to  me  sufficient  for  classing  the  Bronllwyd 
Grit  with  the  overlying  rather  than  with  the  underlying  series — 
supposing  that  we  have  to  do  with  a  conformable  series  of  rocks. 

But  on  examining  the  junction,  I  think  we  have  evidence  of 
something  of  the  nature  of  an  unconformity.  This  junction,  how- 
ever, is  not  often  seen,  since  a  great  part  of  the  boundary  is  a  fault. 
As  this  statement  is  not  in  accordance  with  the  Survey  mapping,  I 
proceed  to  prove  it. 

The  boundarv  on  the  extreme  north  is  a  curved  east-and-west 


Fig.  1. — Fault  in  Bryn  Hafod^-Wem  slate  quarry  (looking  East). 


a.  Purple  slates. 


h.  Bedded  grits  and  brown  slates. 


line,  which  is  not  a  line  of  fault,  but  so  soon  as  it  begins  to  run 
approximately  north  and  south,  we  actually  see  the  fault  in  Bryn 
Hafod-y-Wem  slate  quarry  (fig.  1).  The  faults-plane  forms  a  vertical 
boundary  to  the  quarry  on  its  eastern  side ;  and  on  the  west  of  the 
fault-plane  are  the  massive  Purple  Slates,  on  the  east  the  bedded 
^ts  and  intervening  brown  slates  in  undulating  curves,  which  are 
XTuncated  abruptly  at  the  fault-plane.  A  mile  farther  to  the  south, 
in  an  unnamed  quarry  to  the  south-east  of  Achub,  the  faulted  junc- 
tion is  shown  as  a  convex  curved  surface  with  the  massive  Purple 
Slates  on  one  side,  and  on  the  other  bands  of  pebbles  in  the  grit, 
undulating  horizontally  and  terminating  abruptly  at  the  nearly 
vertical  face  in  contact  with  the  slate.  Again,  in  the  town  of 
Bethesda  the  Bronllwyd  Grit  is  seen  dipping  north-east.  Due  north  of 
the  exposures  the  surface  of  the  slate  is  more  than  100  feet  higher — 
indicating  a  fault  between  the  two.     South-east  of  Bethesda  the 
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junotion  becomes  for  some  distance  a  natural  one  ;  but  on  descending 
into  the  valley  of  Llanberis  we  find  the  immense  masses  of  grit 
wbich  overlook  Marchlyn  Bach  are  suddenly  reduced  to  a  breadth 
of  outcrop  of  less  tban  150  feet,  while  on  the  opposite  side  of  the 
valley  at  least  600  feet  are  seen  in  continuous  sequence  on  the 
precipitous  face  of  Clogwy n  Mawr  ( = Pen  Careg-y-Fran).  It  is  true 
that  Sir  A.  Ramsay  says  ^*  it  requires  much  dissection  of  the  strata 
to  make  out  that  the  crags  of  Pen-Careg-y-Fran  .  .  .  are  all  repre- 
sented by  the  narrow  strip  of  grit  that  crosses  east  of  the  date 
quarries,"'  but  no  amount  of  dissection  can  make  a  continuous 
sequence  of  600  feet  reduce  to  an  outcrop  of  150  feet  in  a  quarter  of 
a  mile.  A  great  fault  down  the  Lake  of  Llanberis  now  throws  the 
junction  1^  mile  to  the  west.  From  Llanberis  town  in  a  south-east 
direction  the  evidence  for  a  fault  is  more  theoretical,  but  the  line  of 
junction  is  a  very  straight  one,  and  as  it  rises  nearly  1000  feet  in 
less  than  a  mile,  the  plane  of  separation  must  be  nearly  vertical ; 
yet  the  dip  of  such  grits  as  are  seen  is  only  20°  to  the  E.  The  beds 
on  the  east  of  the  line,  by  Bettws  Garmon,  have  quite  a  different 
aspect  from  the  Bronllwyd  Grit,  and  brown  slates  are  close  at  hand. 
All  along  the  east  side  of  MoelTryfaen  the  smooth  and  marshy  ground 
seems  to  show  the  absence  of  any  grit,  and  on  descending  the  valley 
leading  to  Nantlle  one  sees  that  the  rocks  nearest  the  slate  quarries 
are  black  Silurian  shales.  South  of  Nantlle  Lake  the  line  of  junction, 
which  continues  remarkably  straight — though  passing  over  hill  and 
dale,  while  the  Silurian  beds  have  no  higher  dip  than  60° — intersects 
two  quarries.     In  the  first  (fig.  2)  massive  grits  are  in  contact  with 


Fig.  2. —Fault  in  Quarry,  8,  of  A'antlle  (looking  SJS.E.). 


a.  Purple  slates. 


b.  MasBive  grits. 


the  Purple  Slates ;  in  the  adjoining  quarry  dark  slates,  while  in  both 
the  fault  is  seen,  for  the  beds  are  truncated  at  the  surface  of  junction. 
The  massive  grit  which  crops  out  on  the  hillside  soon  disappears, 
having  been  brought  in  by  a  synclinal ;  and  dark  shales  continue  on 
the  Silurian  side.  Finally,  continuing  for  little  more  than  half  a 
mile  the  line  which  now  runs  nearly  west,  we  reach  the  great 

*  Mem.  Ckol.  Surr.  toI.  iii.  2nd  ed.  (1881)  p.  174. 
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Silurian  slate-quarries  of  Clyn- 
nog,  which  are  dug  to  100  feet 
below  the  level  of  the  nearest 
Cambrian  slate. 

Such  is  the  evidence  on  which 
it  is  inferred  that  the  boundary- 
is  for  the  most  part  a  fault,  whose 
throw  increases  continually  to- 
wards the  south,  and  which  thus 
accounts  for  the  non-occurrence 
of  the  Cambrian  slates  to  the 
south  of  Clynnog.  Thus  the 
only  locality  where  we  can  find 
a  natural  boundary  is  in  the 
neighbourhood  and  to  the  south- 
east of  Bethesda. 

The  best  place  to  see  the 
junction  is  on  the  slopes  of 
Braich  Mclyn  overlooking  Bryn 
Ogwen,  where  it  can  be  traced 
step  by  step.  It  occurs  in 
several  places  in  one  crag  of  rock, 
the  lower  part  of  which  is  Palo 
Slate,  the  upper  grit  (fig.  3).  The  line  of 
junction  makes  an  angle  of  about  65^ 
with  the  horizon,  and  the  cleavage  of  the 
slate  is  nearly  parallel  to  it.  The  base  of 
the  grit  encloses  large  fragments  of  the 
same  slate  (fig.  4),  sometimes  only  a  few 
inches  across,  but  in  places  becoming 
huge  blocks  some  feet  in  diameter.  It 
seems  impossible  to  avoid  the  conclusion 
that  the  Pale  Slates  had  been  indurated 
before  the  deposit  of  the  grit — in  fact 
that  they  formed  the  shore-line  on  which 
the  grit  was  deposited.  These  blocks  are 
confined  to  the  base  and  are  quite  angu- 
lar, and  they  are  not  produced  by  fault- 
brecciation,  for  they  are  irregularly  dis- 
persed amongst  the  quartzose  materials 
of  the  uncleaved  grit.  They  do  not 
appear  to  have  been  noticed,  unless  they 
are  the  *  mud  pans'  referred  to  by  Prof. 
Hughes  ^  and  considered  to  be  due  to 
deformation  in  a  massive  grit  and  shale. 
This,  however,  is  certainly  not  their 
character  on  Braich  Melyn.  This  breccia 
is  also  exceedingly  well  seen  at  Glan-y- 
gors,  south  of  Bethesda  town,  where  the 
»  Geo!.  Mag.  for  1881),  p.  10. 

a  J.  G.  S.  No.  190. 


Fig.  3. — Junction  of  Bronllwifd 
Grit  and  Pale  Slate,  Braich 
Meh/n, 


a.  Pale  Slate. 

h.  Bronllwyd  Grit. 


Fig.  4. — Bhch  of  Bron- 
llwyd Grit,  encloeituf 
large  fragments  of 
Pale  Slate. 


[From  Braich  Melyn. 
^  natural  size.] 
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beds  have  been  let  down  to  a  lower  level  by  the  fault  marled  on  the 
Geological  Survey  map.  The  same  is  well  seen  also  where  tbe 
lowest  grit  bed  is  exposed  on  Bronllwyd  itself,  just  at  the  turn  of 
the  highest  slate-railway.  Here  the  lumps  of  included  slate  are 
darker  than  usual,  but  they  are  still  angular.  The  same  breccia 
is  also  seen  on  the  slopes  of  Ffridd-y-Fedw  in  the  extreme  north, 
end  is  there  an  admirable  guide  to  the  junction-line.  Nowhere 
along  the  line  that  I  have  shown  to  be  a  fault  has  this  breccia 
been  met  with. 

As  to  whether  the  Bronllwyd  Grit  lies  upon  different  portions  of 
the  Purple  Slate  series  or  not  is  by  no  means  clear.  There  are 
signs  that  it  does  overlap,  which  might  be  accepted  as  oorroboratire 
evidence,  but  which  alone  could  not  be  expected  to  carry  conviction 
to  a  doubter.  Thus,  at  Braich  Melyn  and  Brohllwyd  the  bed  imme- 
diately  below  is  the  Pale  Slate,  but  at  Glan-y-gors  the  grit  lies 
directly  on  Purple  Slate.  This  latter  is  called  the  '  slate  of  the  Tram- 
way cutting '  by  Prof.  Hughes  (op,  cit),  and  is  placed  by  him  below 
the  whole  of  the  Penrhyn  Quarry  slates.  If  this  determination  of 
their  position  were  correct,  it  would  prove  an  unconformity,  but  a 
fault,  of  which  there  is  ample  evidence,  is  inserted  on  the  Survey  map 
between  this  spot  and  the  Penrhyn  Quarries.  Farther  north  the 
rocks,  as  will  be  seen  by  the  map,  run  in  a  circle,  and  at  different 
distances  along  the  radii  in  different  directions  are  found  varieties 
of  slate  which  we  may  fancy  we  recognize  as  corresponding  in  due 
order  to  those  of  the  Penrhyn  Quarries — and  in  particular  the  expo- 
sures at  the  greatest  distance  are  of  Pale  Slate.  Yet  the  overlying 
grit  rests  indiscriminately  on  these  various  members.  There  is 
nothing  to  show,  however,  that  these  varieties  are  oonstemt  in  posi- 
tion and  may  hot  come  on  in  different  localities  on  the  same  horizon. 
In  any  case  the  grit  is  never  seen  to  lie  on  anything  bnt  some  part 
of  the  Upper  Purple  Slates,  so  that  the  unconformity,  if  existing,  is 
not  demonstrated  to  be  a  large  one  in  this  locality. 

In  studying  the  distribution  of  the  remaining  rocks  referred  to 
the  Cambrian,  it  was  natural  to  take  in  the  first  instiince  the  Geolo- 
gical Survey  map  as  a  guide.  On  this  map  numerous  bands  of  grit 
are  marked  and  their  distribution  traced,  but  though  in  the  sections 
they  are  numbered  they  are  not  distinguished  in  mapping,  and 
numerous  faults  are  inserted,  so  that  the  map  is  exceedingly  compli- 
cated. Indeed,  I  have  found  it  unintelligible  on  the  grouud.  With 
some  of  the  main  features  my  own  observations  agree,  but  after  a 
sincere  attempt  to  verify  the  details,  and  the  demonstration  therein 
that  as  tested  by  the  six-inch  map  many  of  them  were  indubitably 
erroneous,  I  have  had  at  last  to  commence  with  a  tabula  nua^  and  the 
result  is  that  my  map  in  almost  all  its  minor  details  differs  from  that 
of  the  Geological  Survey  (see  PI.  YI.).  I  do  not  for  a  moment  suppose 
that  my  map  is  absolutely  correct ;  but  I  have  examined  the  rocks 
at  every  discoverable  exposure  in  the  whole  area,  though  I  may  have 
wrongly  identified  some  of  them.  So  far  as  the  observations  are 
correct,  the  map  is  drawn  so  as  to  be  consistent  with  them  all — but 
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other  connexions,  and,  in  the  complicated  districts,  other  faults,  might 
possibly  be  as  consistent  with  the  same  necessarily  imperfect  data 
as  those  that  are  drawn.  My  own  is  only  one  possible  solution, 
but  the  Geological  Survey  map  is  in  many  cases  an  impossible 
one.  These  doubts,  however,  affect  only  the  surface-distribution. 
Of  the  vertical  succession  there  can  be  no  doubt  whatever. 


§  3.  Th£  Pale  Slates. 

These,  which  are  also  called  Green  Slates,  have  attracted  atten- 
tion as  lying  at  the  top  of  the  series  in  the  great  quarries  of 
Penrhyn  and  lianberis,  and  are  of  particular  interest  in  the  former, 
as  having  yielded  the  only  recognizable  fossil  in  the  series.  I  do 
not  think,  however,  that  their  colour  has  any  special  geological 
significance.  As  Prof.  Hughes  remarks,  they  are  not  cut  off  by  a 
sharp  line  from  the  Purple  Slates,  and  as  far  as  I  can  judge  they  are 
merely  a  discoloured  portion  of  the  latter.  For  in  the  lianberis 
quarries  we  see  similar  slates  in  the  neighbourhood  of  the  green- 
stone dykes,  and  when  these  latter  do  not  reach  the  surface  the 
paleness  of  the  slate  is  often  a  guide  t^  where  they  occur  towards 
the  bottom  of  the  workings.  In  accordance  with  this  we  find  bands- 
of  pale  slate  distributed  sporadically  amongst  the  purple,  as  at 
Llanllechid  and  Nantlle.  Their  occurrence  in  certain  places  at  the 
top,  tfaoogh  in  greater  quantities  than  usual  elsewhere,  may  there- 
fore be  merely  an  accident,  due  possibly  to  their  exposure  to 
weathering  before  the  deposition  of  the  Bronllwyd  Grit. 

§  4.  The  Pcbplb  Slates  akd  the  St.  Axn's  Grit. 

The  great  mass  of  this  slate  is  divisible  into  several  portions, 
which  have  been  dwelt  upon  by  Sir  A.  Ramsay,  and  more  i-ecently 
have  been  described  by  Prof.  Hughes  (op.  eit.).  In  particular  there 
is  a  band  of  reddish  grit  about  the  middle  and  a  thin  band  of 
green  grit  nearer  the  bottom,  but  still  above  the  St.  Ann*s  Grit.. 
These,  however,  are  too  impersistent  or  too  easily  misplaced  to  be 
appreciable  on  a  map,  and  for  geological  purposes  the  whole  must 
be  taken  together.  It  is  known  to  be  much  broken,  contorted, 
and  faulted,  but  these  accidents  have  only  an  economical  importance, 
and  need  not  be  further  noticed. 

The  St.  Ann's  Grit  is  a  more  important  mass  which,  when  present, 
is  not  easily  missed,  and  thus  it  serves  as  a  guide  to  the  strati- 
graphy. It  receives  its  name  from  its  occurrence  on  the  hill  on 
which  St.  Ann's  Church,  fiethesda,  stands.  It  is  sometimes  very 
fine-grained  and  compact,  and  sometimes  coarser ;  in  the  latter  case 
it  cuntains  small  quartz-pebbles  which,  as  noted  by  Prof.  Hughes, 
in  certain  localities  are  rosy,  but  as  a  whole  the  grit  is  character- 
istically green.  At  St.  Ann's  it  is  thrown  into  a  sharp  anticlinal 
fold  whose  axis  runs  N.N.E.,  and  in  the  centre  of  which  the  Lower 
Purple  Slates  come  up  in  a  long  tongue,  while  to  the  north-west 
the  corresponding  broader  synclinal  on  the  hill-slopes  below  Sling 
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lets  in  the  Upper  Slates.  The  same 
grit  is  met  with  on  the  west  side  of 
the  Penrhyn  Quarries,  where  it  forms 
a  ridge  which  appears  to  die  out  at 
the  north-eastern  end  and  to  he  cut  off 
at  the  other  hy  the  great  fault  that 
shifts  the  Bronllw5-d  Grit.  The  greater 
part  of  the  slates  to  the  west  are  a 
repetition  of  the  Upper  Slates,  as  is 
shown  hy  the  Bronllwyd  Grit  over- 
lying them  at  Glan-y-gors  and  hy  the 
occurrence  in  them  of  the  upper  thin 
hand  of  grit  at  Felin  Fa wr  slate-works, 
which  is  followed  below  hy  the  St. 
Ann's  Grit. 

We  cannot  be  sure  that  all  the  other 
grits  referred  to  the  St.  Ann's  Grit  are 
exactly  on  the  same  horizon  :  all  we 
know  of  them  is  that  they  have  ap- 
proximately the  same  character,  are 
very  massive,  and  lie  in  the  midst  of 
the  Purple  Slates.  Such  a  mass  covers 
the  eastern  slope  of  Pare  Drysgol, 
and,  having  very  much  the  same  dip 
(see  ^^,  5 )  as  the  fall  of  the  ground, 
appears  to  be  more  important  than  it 
probably  is.  Nothing  but  grit,  how- 
ever, can  be  found  on  this  slope,  so 
that  there  are  not  two  or  three  bands, 
as  marked  on  the  Survey  map.  To  the 
west  of  it  comes  the  Lower  Purple 
Slate.  All  this  lies  on  the  western 
side  of  the  above-mentioned  fault,  so 
that  the  Drysgol  grit  is  the  continua- 
tion of  the  St.  Ann's.  On  the  eastern 
side  of  the  same  fault  we  find  the  Careg 
Ludan  grit,  which  occupies  approxi- 
mately the  same  horizon,  but  has  a 
more  bedded  character  and  is  not  quite 
BO  green.  It  is  thrown  into  a  sharp 
synclinal  at  the  slate  quarry  call^ 
%  Chwarel  Fawr,  Dinorwig,  where  the 
•  Lower  Slates  have  been  worked  and 
the  grit  is  seen  forming  an  arch  above 
them.  The  northern  limb  of  this  arch 
is  found  between  this  quarry  and  the 
felsite  of  Moel  Gronw,  while  the 
southern  spreads  out  on  the  broad  slopes 
of  Careg  Ludan,  which,  coinciding 
somewhat  with  the  surface  of  the  fold, 
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give  the  grit  an  unmerited  importance.  The  Allt  Ddii  slates  lie  below 
it  again,  so  there  must  be  some  faults  in  the  slate  itself,  as,  indeed, 
Sir  A.  Kamsay's  careful  investigation  of  the  details  of  the  quarries 
has  already  shown.  The  same  grit  when  seen  on  edge,  descending 
to  the  Llanberis  Lake,  seems  less  important.  The  last  of  these 
green  grits  in  the  middle  of  the  slates  is  seen  on  either  side  of 
Llyn  Padam,  that  on  the  southern  side  soon  dying  out,  as  noted  by 
Sir  A.  Kamsay. 

South  of  this  point  I  have  nowhere  seen  a  green  grit  of  any 
importance,  though  some  bands  occur  in  quarries  south  of  Nantlle. 
But  this  is  no  proof  that  the  St.  Ann's  Grit  does  not  or  did  not 
exist.  Withiu  two  miles  of  where  it  is  last  seen  the  whole  breadth 
of  the  visible  outcrop  of  Cambrian  strata  is  reduced  by  the  uprising 
of  the  felsite  mass  on  eitlier  side  of  the  Bettws  Garmon  valley  to 
900  feet,  so  that  there  is  no  roo'm  for  more  than  part  of  the  Upper 
Slates,  and  though  this  breadth  expands  between  Moel  Tryfaen  and 
Tal-y-Sarn  to  three-quarters  of  a  mile,  yet  in  the  Nan  tile  slate- 
quarries  one  dip  of  45^  to  the  east  and  another  of  70°  to  the  west 
are  observable,  so  that  the  slates  are  undulating  and  are  doubtless 
cut  off  on  the  west  (as  on  the  east)  by  a  fault. 

Moreover,  it  is  certain  that  in  this  southern  portion  we  do  not  see 
the  whole  of  the  Cambrian  series,  but  only  the  uppermost  portion. 
What  may  lie  to  the  west  of  the  fel:jito  masses  is  practically 
unknown,  all  being  covered  by  Drift,  or  rarely  exposing  rocks  which 
cannot  be  paralleled  with  the  known  lower  part  of  the  succession  as 
8ubsei|uently  described.  Only  in  one  spot  on  the  west  have  I  seen 
any  purple  slate,  viz.,  by  the  side  of  the  River  Rothell,  and  even 
here  the  exposure  is  so  small  that  the  relations  are  quite  obscure 
and  hard  to  interpret. 

Returning  now  to  the  complicated  region  in  the  north,  we  find 
that  no  purple  slate  occurs  west  of  a  line  drawn  from  Coch-winllan 
near  Halfway  Bridge  to  the  base  of  Pare  Bwlch  on  Moel-y-Ci.  As, 
however,  the  general  trend  of  the  strata  south  of  this  line  is  to  the 
north-east,  its  occurrence  so  far  west  even  as  this  is  due  to  disloca- 
tions. The  lino  above  indicated  is  the  western  boundary  of  a 
broken  band,  the  separate  pieces  of  which  present  no  contradiction 
to  the  order  of  succession  elsewhere,  but  the  determination  of  whose 
position  depends  upon  a  knowledge  of  that  succession.  The 
northern  patch  of  Purple  Slate  included  here  runs  north  and  south. 
It  belongs  to  the  Upper  Slates  and  is  apparently  overlain  by  what 
se^ms  to  be  Silurian,  but  of  this  I  cannot  be  quite  ceituin.  The 
southern  is  of  Lower  Slates  and  occurs  in  a  faulted  wedge.  On  the 
eastern  side  of  this  broken  band  the  strata  are  bent  into  a  curve,  as 
indicated  in  the  Geological  Survey  map,  so  that  the  St.  Ann's  Grit 
and  the  slates  above  and  below  dip  first  east,  then  north,  and 
finally  north-west,  till  they  meet  the  boundary  again,  and  are  finally 
cut  off  by  the  Aber  fault. 

In  a  general  way,  these  slates  are  thus  striking  towards  Bangor, 
though  the  strata  there  are  assuredly  neither  the  actual  continua- 
tion of  the  arch  nor  of  the  broken  strip.     Now,  ai  the  northern  end 
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of  the  hill  OTerlookiDg  the  town  on  its  sonth-east^m  side,  we  find 
the  Purple  Slate  in  characteristic  form.  The  boundary  between  it 
and  the  Halleflinta  runs  near  the  top  of  ihe  Recreation  Gronnd  and 
cuts  off  the  north-eastern  corner,  descending  to  the  road-level  ju»t 
south  of  the  Mountain  Square  Slateworks.  These  are  of  course  the 
Lower  Purple  Slates,  and  show  the  usual  character  of  that  portion  in 
being  more  massive  and  bedded,  more  sandy  and  less  cleaved.  They 
have  a  high  dip  of  about  70°  to  the  east,  and  are  overlain  by  the 
Silurian  grits  and  micaceous  slates,  with  a  dip  of  about  30°  to  8.S.E. 
along  an  irregular  line,  which  end  by  overlapping  them  and  coming 
into  contact  with  the  '  Balleflinta.'^ 

§  6.  The  Rhiw-wen  Grit. 

That  there  is  a  grit  at  the  base  of  all  the  Purple  Slates,  and  thereby 
distinct  from  the  St.  Ann's  Grit,  is  very  evident  on  Moel  Rhiw-wen 
(fig.  0).  The  summit  of  this  enclosed  hill  is  crossed  in  a  N.N.E. 
direction  by  a  band  of  green  grit  with  quartz-pebbles,  which  occa- 
sionally weathers  brown  here.  On  the  western  side  it  is  seen  lying 
on  Pale  Banded  Slate,  particularly  at  a  quarry  at  Rhiw-wen,  while 
on  the  east — after  passing  a  conglomerate,  which  is  believed  to  be 
unconformable — we  come  to  old  quarries  of  Purple  Slate  on  the  rise 
to  Drysgol :  and  the  same  relations  of  strata  are  seen  at  the  northern 
end.  By  the  aid  of  this  observation  we  are  able  to  recognize  the 
true  position  of  the  grit  on  Moel-y-Ci  (fig.  6).  It  is  seen  rising 
from  beneath  the  Purple  Slate  on  the  eastern  side  by  Bron-y-foel, 
and  is  succeeded  on  the  upper  slopes  by  Pale  Banded  Slate.  This 
last  occupies  most  of  the  hill,  but  capping  the  western  slopes  we 
find  crags  of  grit  again.  Here  it  dips  slightly  into  the  hill,  bat 
soon  turns  up  again  and  forms  the  summit.  The  grit  on  this  hill 
also  weathers  brown  and  is  rather  coarse,  and  I  take  all  the  masses 
to  be  the  same  grit,  forming  part  of  a  partially  denuded  semi- 
anticlinal,  and  corresponding  with  that  on  Moel  Rhiw-wen. 

We  cannot,  however,  always  recognize  a  grit  as  a  distinct  bed  in 
this  position.  The  base  of  the  Purple  Slates  gets  gritty,  and  so  does 
the  top  of  the  Pale  Slate  series,  but  often  no  line  can  he  drawn. 
In  the  broken  ground  south  of  Tregarth  we  can,  by  selecting  the 
proper  direction,  pass  over  in  downward  succession  purple  slate, 
grit  (St.  Ann's),  purple  slate,  grit  (Rhiw-wen),  and  pale  slate.     The 

*  I  have  previously  shown  (Quart.  Joum.  Geol.  Soc.  vol.  xliv.  (1888)  p.  271) 
that  rocks  of  this  age  lie  unconformably  on  all  the  raembera  of  the  Cumbrian 
or  older  series  from  Bangor  to  Caernarvon,  and  this  dispoRition  of  them  I 
have  again  confirmed  by  a  caref\il  examination  of  (I  believe)  aU  the  exposures 
near  the  former  town.  Sir  A.  Qeikie,  in  his  Presidential  Address  for  1891, 
states  that  neither  he  nor  Mr.  Peach,  after  'numerous*  observations,  oould  find 
'  any  discordance  in  strike  or  dip  between  the  flinty  tufPs  and  the  overlying 
shales  iind  grits,'  and  accepts  what  to  me  appears  a  rednctio  ad  abgurdum  in 
consequence.  The  fact,  however,  of  the  unconformity  throughout  is.  to  my 
i.nind,  so  abundantly  clear  that  I  am  sure  a  further  examination  would  con- 
vince Sir  Archibald ;  and  I  will  not  tlierefore  crowd  this  paper  by  adducing 
further  proofs. 
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dips,  however,  are  so  irregular,  and  the  variations  of  one  grit  might 
80  easily  be  extended  to  include  those  of  the  other,  that  it  is  only  the 
most  probable  supposition,  from  various  stratigraphical  considerations 
too  numerous  to  mention,  that  the  grit  next  the  pale  slate  is  really 
llhiw-wen  Grit  in  its  proper  place.  On  the  opposite  side  of  the 
Ogwen  Yalley  fault  (where  the  beds  run  in  circles),  though  the  beds 
below  the  Purple  Slate  are  often  gritty  near  the  top,  no  distinct 
baud  can  be  made  out,  especially  as  the  clearest  line  of  junction  is 
certainly  fault<?d,  and  it  is  the  same  at  Bangor.  The  *  Halle- 
flinta '  is  there  immediately  followed  by  the  gritty  Purple  Slate. 

On  the  south  side  of  Llyn  Padarn  there  is  a  green  grit  occu- 
pying this  position  f  west  of  the  Glyn  Peris  Hotel,  that  is  to  say, 
it  is  seen  to  rise  from  beneath  the  Purple  Slate  in  the  quarries  and 
is  seen  also  to  overlie  Pale  Banded  Slate  in  the  cliff  at  the  bend  of  the 
Cwm-y-glo  road.  There  is  also  a  grit  of  similar  character  in  a 
corresponding  position  on  the  opposite  or  northern  side  of  the  lake. 
Hereabouts,  however,  there  is  a  complication  in  relation  to  the 
felsite,  so  that  some  of  the  rocks  in  this  position  have  a  very 
remarkable  character,  the  description  of  which  must  be  left  till  the 
felsites  are  dealt  with. 

On  the  south  side  of  the  Rothcll,  at  Pontrhythallt,  a  reddish  grit 
crosses  the  stream,  causing  rapids,  and  this  occupies  the  position 
of  the  Khiw-wen  Grit — if  the  beds  above  are  true  Purple  Slate, 
but  nothing  more  is  seen  of  any  such  rock  to  the  south  of 
this  spot. 


§  C.  The  Pale  Bavbeb  Slates  and  Hallefliktas. 

This  is  a  very  important  group  of  rocks,  requiring  to  be  carefully 
distinguished  from  the  Purple  Slates.  Here  and  there  perhaps  the 
Banded  Slates  may  put  on  a  slightly  purple  hue,  but  this  is  very 
rare.  The  Purple  Slates  are  characteristically  massive,  while  these, 
especially  when  most  slaty  or  gritty,  have  invariably  a  well-marked 
banded  structure.  When  they  put  on  the  *  hiilleflintoid '  form  tbene 
bands  reduce  to  fine  laminae,  which,  though  often  much  contorted, 
are  still  recognizable.  The  series  is  weU  seen  over  all  the  ground 
that  lies  to  the  north  of  the  felsite  masses.  Thus  on  Moel  Bhiw-wen 
(see  fig.  5,  p.  250)  hard  Pale  Banded  Slates  occupy  the  western  half 
of  the  summit  and  all  the  western  slopes,  where  they  bend  over 
slightly,  so  as  to  have  a  small  westerly  dip,  as  is  roughly  shown  in 
Sir  A.  Eamsay's  section.  We  here  get  a  good  idea  of  their  importance, 
for  they  occupy  ground  differing  in  elevation  by  600  feet  from  the 
top  to  the  bottom,  in  which  the  eastern  and  western  dips  may 
nearly  compensate  each  other.  On  Moel-y-Ci  (see  ^g.  6,  p.  253),  with 
the  exception  of  the  summit-capping  of  grit  and  the  conglomerates  on 
the  west,  the  Pale  Banded  Slates  occupy  the  whole  of  the  ground 
from  a  height  of  1344  feet  down  to  about  500  feet,  with  very  little 
on  the  whole  to  be  allowed  for  dip.  North  of  this  they  occupy  a 
broad  band  of  countr}',  throughout  which  they  haye  an  easterly  dip. 
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from  the  high  ground  at  Sling  down  to  the  crossing  of  the  river  near 
the  Aber  fault.  In  this  region  they  appear  to  be  confounded  on  the 
Geological  Survey  map  with  the  Bronllwyd  Grit,  from  which  they 
are  absolutely  distinct.  They  also  occupy  a  large  area  between 
Tr^arth  and  the  Kiver  Ogwen,  where  they  also  in  parts  have  an 
easterly  dip,  as  is  well  seen  in  the  mineral-railway  cutting  and  in 
the  crags  above  it,  but  this  area  is  supposed  to  be  cut  off  from  the 
last  by  a  fault  (see  %.  7,  p.  253).  They  are  also  brought  up  in  a 
wedge  at  Pare  Bryniau,  where  they  have  a  northerly  dip.  On  the 
east  side  of  the  Kiver  Ogwen  they  occupy  a  semicircular  area,  where 
they  are  seen  by  their  dips  to  form  one  half  of  a  dome,  of  which  we 
do  not  see  the  base,  the  lowest  beds  exposed  being  the  great  con- 
glomerate to  be  presently  mentioned. 

It  is  these  same  rocks,  of  a  somewhat  more  hiilleflintoid  character 
than  usual,  yet  always  either  banded  or  laminated,  which  occupy 
the  heights  of  Bryniau  Bangor,  extending  from  Minffordd  northward 
to  the  end  of  the  Recreation  Ground. 

When  we  have  gained  some  familiarity  with  the  rocks  of  this 
portion  of  the  series  in  those  localities  where  they  are  characteristi- 
cally developed  and  where  there  can  be  no  doubt  of  their  position, 
we  are  better  fitted  to  examine  them  in  the  areas  where  more  doubt 
may  be  felt  or  has  been  expressed.  One  of  these  is  the  country 
north-w«6t  of  Br3*n  Efail  to  beyond  Dinas  Mawr.  In  several  spots 
at  Llys  Dinorwig  and  Br}'n  Derw,  and  in  the  cutting  near  Coed 
Madog  figured  by  Miss  Baisin,^  exposures  may  be  seen.  Miss  Eaisin 
calls  the  rocks  *  argillites,'  a  term  which  fairly  expresses  their 
general  character.  There  is,  however,  some  grit  amongst  them  ; 
but  the  main  point  is  that  they  are  essentially  banded  and  grey,  and 
of  one  thing  we  may  be  certain,  that  no  such  rocks  are  met  with 
above  the  Rliiw-wen  Grit.  The  section  in  the  cutting  is  very 
instructive  in  relation  to  controverted  points.  The  rocks  are  more 
or  less  contorted,  as  in  many  other  places,  and  the  result  is  that  they 
dip  in  different  directions  in  different  part-s.  This  accounts  for  our 
finding  other  spots  where  the  dip  is  reversed  ;  but  as,  on  the  whole, 
the  beds  descend  towards  the  east  in  the  cutting,  so  the  majority  of 
the  dips  (in  fact  aU  but  one)  are  to  the  east  in  the  isolated  expo- 
sures. At  Bryn  Derw  there  is  a  small  patch  of  an  earthy  conglo- 
merate, in  which  felsite-pebbles  must  be  very  scarce,  if  any  are 
present,  for  I  could  find  none.  There  is  also  a  crag  of  grit,  and  by 
the  side  of  the  main  road  to  the  west  is  a  boss  of  purple-banded 
^t.  In  the  light  of  later  knowledge  I  am  not  prepared  to  say  what 
these  are;  if  they  belong  to  the  series  they  may  represent  the 
bottom  of  the  Ilhiw-wen  Grit. 

Beyond  Dinas  Mawr  the  rocks,  though  banded,  are  more  purple 
and  gritty  than  in  any  other  area  of  rocks  referred  to  the  same 
portion  of  the  series,  and  in  one  place  there  appears  to  be  some 
felsite.  Yet  the  base  of  Dinas  Mawr  itself  is  fairly  characteristic 
hard  Pale  Banded  Slate,  with  a  dip  of  50°  or  more  to  the  east.     In 

^  Quart  Journ.  GeoL  See  vol.  xlvii  (1891)  p.  585. 
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spite,  therefore,  of  their  somewhat  abnormal  characfcer,  I  can  only 
regard  these  rooks  as  belonging  to  this  part  of  the  series. 

On  the  eastern  side  of  the  Dyn  Padam  felsite  characteristic 
Banded  Slate  is  again  seen,  but  the  consideration  of  its  relations 
must  be  postponed  till  the  conglomerate  of  this  district  is  dealt 
with. 

On  the  south-east  side  of  the  lake  we  find  similar  Pale  Banded 
Slates  beautifully  exposed  in  the  crag  at  the  bend  of  the  road,  west 
of  the  Glyn  Peris  Hotel.  Here  they  certainly  come  below  the 
Rhiw-wen  Grit.  Pinally,  by  the  side  of  the  River  Rothell,  at  the 
previously-mentioned  locality,  we  find  below  the  hard  red  grit  some 
very  typical  halleflinta  with  curious  lines  of  lamination. 

• 
§  7.  The  Bakgok  Conglomebatb. 

This  is  the  well-known  band  to  which  attention  has  been  drawn 
by  Prof.  Hughes,  which  is  considered  by  him  to  form  the  base  of  the 
Cambrian  as  distinguished  from  pre- Cambrian  rocks,  but  which  I 
have  shown  in  a  previous  paper  to  lie  in  the  midst  of  the  mass  of 
the  banded  halletlint-as  alike  above  and  below  it,  and  not  to  be  con- 
tinuous, but  to  die  out  in  their  midst.  The  great  mass  of  similar 
conglomerate,  full  of  huge  felsite-pebbles,  which  crosses  the  Bangor 
and  Bethesda  road  3^  miles  from  Bangor,  occupies  the  same  position, 
and  it  comes  up  from  beneath  the  mass  of  the  hard  Banded  Slates 
already  referred  to,  which  in  places  may  well  be  called  hallefiinta. 
But  we  do  not  here  see  below  it,  as  it  is  the  centre  of  an  anti- 
clinal and  is  cut  off  by  a  fault  along  the  river,  on  the  opposite  side 
of  which  it  is  not  continued. 

In  the  strip  of  country  to  the  west  of  this,  however,  beyond  the 
fault  which  bounds  the  broken  area,  wo  get  another  exposure  of 
conglomerate  in  the  same  position.  It  is  well  seen  in  a  small  crag 
by  the  wayside  where  the  road  crosses  the  railway  to  the  N.W.  of 
Tregarth  (fig.  7,  p.  253).  It  here  consbts  of  bands  of  purple  grit 
and  conglomerate,  capped  by  a  very  coarse  bed  of  the  latter  with  2-  to 
3-inch  pebbles  of  red  and  white  felsite  and  fragments  of  purple 
slate,  the  whole  dipping  eastward  at  20°.  It  is  seen  also  in  the 
railway-cutting,  where  it  is  followed  on  the  dip  by  the  banded 
grits ;  while  on  the  other  side,  at  Gelli,  there  is  a  quarry  in  banded 
hallefiinta  also  with  an  easterly  dip,  which  must  therefore  lie 
below  it.  It  thus  appears  to  lie  in  the  midst  of  the  banded  series. 
It  may  be  traced  thence  in  a  northerly  direction  t-o  Bryn  Cal^ 
where  the  overlying  banded  rocks  are  also  gritty,  and  farther  on 
into  a  crag  by  the  river-side  below  Coch  Winllan,  where  it  is 
followed  above  by  green  finely-banded  halleflinta,  all  dipping  £., 
and  all  the  exposures  of  the  hallefiinta  to  the  west  have  a  similar, 
dip.  In  the  other  direction  it  rises  into  the  great  crags  of  Pandy, 
where  the  felsite-pebbles  are  huge  and  well  rounded,  though  showing 
no  dip ;  but  both  to  the  east  and  the  west  are  crags  of  banded 
hallefiinta,  or  hard  slate,  dipping  uniformly  east.  A  similar  crag, 
similarly  related,  is  found  at  Eronheulog  on  the  same  strike  ;  there 
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cannot,  therefore^  be  the  slightest  donbt  that  there  is  here  a  coarse 
felsitic  oonglomcrate  in  the  midst  of  the  banded  series. 

Earther  south,  on  the  western  slopes  of  Moel-y-Ci  (see  fig.  6,  p.  253), 
we  find  again  huge  crags  of  very  coarse  felsitic  conglomerate, 
coming  up  from  below  the  hard  Banded  Slates  of  the  mountain  as 
observed  by  the  dip  of  the  latter,  and  this  may  be  traced  on  the 
same  S.W.  strike  as  far  as  the  crag  called  Careg-y-gath.  Below 
this  conglomerate,  between  it  and  Waen  Pentir,  there  are  numerous 
exposures  of  the  hard  banded  gritty  slates,  which,  however,  become 
horizontal  and  almost  bend  over  at  the  Waen,  but  are  100  feet  in 
level  below  the  conglomerate  crag. 

The  fault  that  has  let  down  the  rocks  of  Moel  Ehiw-wen,  as 
determined  by  other  observations, .  prevents  any  thing  of  the  coo^ 
glomerate  being  seen  on  its  western  side,  but  we  pick  it  up  again 
at  Bryn  Modog  and  Dinas  Mawr,  the  conglomerates  of  which  are 
well  known.  These,  like  the  mass  near  Tngaarth,  are  associated 
with  reddinh  purple  grits,  but  have  laijge  felsite'-pebbles  and  lie  in 
the  midst  of  the  banded  series,  the  dips  wheresoever  observed  being 
to  the  easL  They  eorrespond,  therefore,  in  position  as  well  as  in 
cfaflracter  with  the  conglomerate  at  Bangor,  and  by  so  doing  assist 
in  the  correlation  of  their  associated  banded  beds. 

The  rocks  which  lie  below  the  banded  series  are  distinguished 
by  their  more  gritty  character,  and  by  the  greater  proportion  of  con- 
glomerate and  breccia-bands  which  they  contain.  The  more  compact- 
forms  are  sometimes  banded,  and  very  generally  show  an  irregular 
lamination ,  but  they  may  occasionally  become  slaty .  This  description 
shows  how  difilcult  it  may  be  at  times  to  distinguish  them  from 
the  rocks  at  a  higher  level.  It  would,  in  fact,  have  been  natural 
to  class  them  all  together,  had  it  not  been  that  there  is  a  band  of 
rock  of  a  remarkable  kind  which  may  be  taken  as  characterizing 
a  definite  horizon,  and  by  means  of  which  we  can  separate  off  the 
lower  portion  of  the  series. 

§  8.  The  Bafgob  Bbeccias. 

These  are  composed  of  so  peculiar  a  rock  that  there  is  no  mis- 
taking it  wherever  it  occurs.  It  is  never  found  amongst  any  of 
the  beds  hitherto  described,  but  is  more  or  less  repeated  at  a  lower 
level.  Of  its  nature  I  need  say  little,  as  it  has  been  so  well 
described  by  Prof.  Bonney.*  Sometimes  it  is  almost  a  grit,  some- 
times almost  a  conglomerate,  but  it  always  contains  small  angular 
fiiigments  of  slate  in  considerable  abundance ;  if  these  are  bluish  the 
rock  is  bluish,  but  if  they  are  red  the  rook  also  looks  red. 

The  detailed  stratigraphy  of  the  rocks  south  of  Bangor  is  not  of 
immediate  consequence,  but  I  have  done  the  best  I  can  with  the 
six-inch  Ordnance  map  to  trace  the  most  probable  arrangement,  from 
which  it  appears  that  there  must  be  two  bands  of  such  breccia,  one 
carving  round  from  Cae  Seri  to  Brynllwyd,  and  the  other  firom 

1  Quart  Joum.  Geol.  See.  vol.  xxrr.  (1879)  p.  317 ;  toL  mix.  (1883) 
p.480(C)* 
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llinffordd  to  the  Poorhouse,  forming  a  synclinal  with  the  axis  along 
the  high  ground.  This  is  consonant  wjth  the  apparent  running  of 
the  Tairffynnon  Conglomerate  below,  but  it  requires  a  fault  to  run 
from  tho  east  side  of  MiniFordd  to  the  station,  an  arrangement  which 
a  reversed  dip  in  the  road  north  of  Minffordd  renders  probable.  If 
this  be  correct,  then  both  Prof.  Bonney's  map  and  my  own  previous 
map  must  be  wrong  in  this  respect,  as  neither  recognizes  more  than 
one  breccia.  But,  however  they  run,  there  they  are  with 
associated  Laminated  Grits  and  hard  slates.  There  is  indeed  a 
breccia  at  a  higher  level  at  Bangor  which  has  been  noticed  by 
previous  authors,  though  it  is  of  a  different  character,  being  more 
earthy,  and  in  any  case  is  quite  exceptional,  so  that  we  may  say 
that  this  type  of  breccia  is  characteristic  of  the  lower  part  of  the 
series. 

Crossing  the  faulted  Silurians,  we  find  this  breccia  well  shown 
in  the  cutting  half-way  between  Felin  Hen  and  Tregarth  (fig.  7, 
p.  253),  with  a  well-marked  easterly  dip.  Following  the  strike 
thus  indicated  we  find  it  again  in  numerous  exposures  leading  by 
Waen-hir  to  Craig-Uwyd  on  the  6-inch  Ordnance  map,  where 
it  meets  a  fault,  on  the  other  side  of  which  is  Purple  Slate  dipping 
towards  it.  It  occupies,  therefore,  in  this  locality  exactly  the  same 
position  as  at  Bangor.  Farther  south,  below  Moel-y-Ci,  there  are 
numerous  craj^s  ranged  in  a  N.E.  and  S.W.  direction  consonant  with 
the  bedding  of  the  overlying  banded  series,  which  show  this  peculiar 
breccia  to  perfection,  here  again  in  its  expected  place  (see  fig.  6, 
p.  253).  Finally,  to  the  west  of  Dinas  Mawr  we  find  identical  rock 
crossing  the  road  in  many  spot-s  round  Pen  Isa'r  Waen  as  we 
should  now  expect  if  the  overlying  beds  have  been  rightly  interpret-ed. 
The  fragments  of  slate  are  here  rather  more  rounded  than  usual* 

In  the  case  of  grits,  banded  slates,  and  conglomerates,  we  are 
always  liable  to  confusion  between  one  example  of  the  kind  and 
another,  though  we  may  keep  ourselves  fairly  straight  by  attention 
to  stratigraphy.  But  with  a  rock  like  this  a  mistake  seems  scarcely 
possible ;  thus  we  have  at  least  one  fixed  point,  in  a  correlation  of 
tho  beds  above  and  below  in  the  different  areas.  The  fixed  point  is 
the  top  of  these  Bangor  Breccias,  for  they  may  be  repeated  below, 
and  the  interval  which  separates  them  from  other  noted  beds  may 
vary  considerably. 


§  9.  The  Blue  Laminated  Grits  and  Tairfpynnon  Conglomerate. 

The  typical  Bangor  Breccias  are  separated  in  the  Bangor  district 
by  a  considerable  mass  of  Laminated  Grits  from  the  TairfFynnon 
Conglomerate,  below  which  somewhat  similar  rocks  come  on  in  force 
and  in  places  become  more  irregular  and  compact,  like  one  of  the 
Anglesey  pelites.  These  rocks  are  well  known  from  Prof.  Bonney*8 
description,*  so  they  need  not  be  dwelt  upon  here,  yet  these  Blue 
Laminated  Grits   are  exceedingly  characteristic  and  merit  special 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxxv.  (1879)  pp.  317  &  319  (2). 
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attention.  We  get  them,  in  perhaps  not  their  most  characteristic 
form,  in  several  exposures  round  Gaorhun,  where  they  may  be  either 
above  or  below  the  conglomerate,  which  is  here  lost  sight  of.  South 
of  this  a  wide  area  is  probably  occupied  by  them,  but  nothing  is 
seen  till  we  come  to  the  quarries  at  Facliell  which  I  have  already 
described,  one  of  which  has  this  well-marked  type  and  another  the 
muddy  conglomerate  at  the  base. 

Now,  at  this  spot  there  cannot  bo  any  doubt  as  to  where  we  are 
in  the  series,  and  we  are  thus  prepared  to  examine  Dinas  Binorwig 
over  the  other  side  of  the  Silurian  strip.  All  the  north-western 
slopes  of  the  hill  down  to  the  fault  are  occupied  by  this  Laminated  Grit 
(aee  fig.  5,  p.  250),  which,  now  we  know  it,  is  perfectly  unmistakable. 
It  is  on  the  south-eastern  slopes  and  a  little  over  the  crest  on  the  sides 
that  we  find  the  conglomerate  referred  to  by  Dr.  Hicks,*  not  only 
in  irregular  crags  which  might  be  loose  blocks,  but  also  striking 
solidly  across  the  road  on  either  side  of  the  hill.  This,  then,  is  the 
equivalent  of  the  Tairffynnou  Conglomerate,  and  does  not  lie  at  the 
base  of  the  series.  In  one  part  towards  the  east  it  partakes  some- 
what of  the  character  of  the  Bangor  Breccia,  and  in  another  there 
is  a  band  of  felsite  with  conglomerate  overlying  it.  Between  here 
and  Pontrhythallt  the  exposures  seen  are  mostly  of  the  same  blue 
grit,  though  one  quarry  shows  a  conglomerate,  as  noted  by  Dr. 
Hicks.  As  a  whole,  however,  the  general  stratigraphy,  and  the 
dying  off  of  the  Dinas  conglomerate  on  its  strike  at  Nant  Efa, 
indicate  a  fault,  with  the  beds  above  the  conglomerate  undulating 
as  far  as  seen. 

The  only  other  locality  where  these  lower  beds  are  seen  is  in  the 
Felin  Hen  cutting  and  to  the  south  of  it  (see  fig.  7,  p.  253).  The 
Tairffynnon  Conglomerate  is  here  magnificently  exposed  ;  in  fact, 
it  is  better  shown  than  anywhere  else.  The  pebbles  are  large  and 
in  great  quantity.  It  is  curious,  however,  that  there  seems  hero  to  be 
little  or  no  interval  between  these  beds  and  the  Bangor  Breccia,  which 
is  the  converse  of  what  we  last  noticed  near  Pontrhythallt.  The 
dip  of  the  beds  is  to  the  east,  as  in  all  the  other  rocks  of  the  section, 
and  we  accordingly  find  masses  of  the  same  rock  at  the  farms  of 
Moel-y-Ci  and  Ty'n-y-Clau  on  the  south,  after  which  it  appears  to 
die  out.  Below  this  conglomerate  in  the  Felin  Hen  cutting  comes 
the  Blue  Laminated  Grit,  in  quite  a  typical  form,  with  the  same  dip  as 
the  rest,  and  this  again  may  be  traced  southwards  if  we  go  as  far 
as  the  rising  ground  at  Careg-y-Fedwen,  though  the  mapping  her.e  is 
rather  doubtful  in  detail. 


§  10.  The  Brithdir  Grit. 

This  lies  immediately  on  the  felsite  near  Brithdir  and  round  its 
edge  to  the  Caernarvon  road  ;  it  is  therefore  the  lowest  of  all  the 
Cambrian  series  in  this  locality,  and  its  character  is  already  well 
known.      A  similar   small-grained  quartz -felspar  grit  is  seen  at 

1  Quart.  Joupn.  Geol.  See.  vol.  xl.  (1884)  p.  197. 
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Pachell  occr.ppug  the  same  position,  below  the  curious  muddy  con- 
glomerate with  red  pebbles,  and  it  is  here  only,  if  ever,  that  we  can 
reach  the  base  of  the  Cambrian  in  Caernarvonshire.  There  is  indeed 
a  small-pebbled  conglomerate  in  the  Felin  Hen  area  to  the  west  of 
the  Laminated  Grits,  which  migJu  be  the  same,  but  it  might  also  be 
some  other  conglomerate  developed  in  the  mass.  There  is  certainly  no 
evidence  that  it  lies  here  upon  felsite  ;  it  probably  does  not. 

Such  is  the  Cambrian  succession  in  Caernarvonshire  as  I  read  it 
It  is  interesting  to  trace  how  the  early  volcanic  outbursts  of  the 
period  which  gave  rise  to  the  felsitcs  of  Dinorwig  were  followed  by 
the  deposits  of  rough  and  rapid  waters  capable  of  rounding  the  hard 
rocks,  and  of  carrying  them  miles  from  their  source ;  how  the  alter- 
nations of  condition,  tidal  or  otherwise,  gave  rise  first  to  the 
Laminated,  then  to  the  Banded  Slates  and  Grit/S ;  how  some  new 
outburst  provided  so  many  fragments  of  the  Monian  slates  that 
the  waters  nearest  Bangor  could  scarcely  round  or  disintegrate  them, 
soft  as  they  may  have  been  ;  how  a  still  later  lava-outburst  provided 
a  fresh  source  of  huge  pebbles  and  gave  apparently  fresh  powers  to 
the  waters  to  roll  and  remove  them  ;  and  how  finally  tranquillity 
set  in,  and  except  for  the  occasional  intrusion  of  grit-bearing  rivers 
the  sea  set  steadily  to  work  to  disintegrate,  transport,  and  deposit 
the  materials  for  the  vast  masses  of  our  fine-grained  roofing  slates. 

Apart  from  the  idea  thus  afforded  us  of  the  conditions  that  pre- 
vailed during  the  Cambrian  period — which  is  after  all  the  main  object 
of  our  researches — the  description  just  given  shows  4is  plainly  as 
possible  that  there  is  nothing  in  the  least  peculiar  about  the  Bangor 
district :  the  rooks  are  not  altered  there  more  than  anywhere  else, 
and  they  correspond  bed  for  bed  with  the  rest  of  the  Cambrian 
series.  Indeed,  with  the  exception  of  the  upper  parts  of  the  Purple 
Slate  and  the  associated  grits,  they  show  as  complete  a  sequence  as 
any  other  locality  that  may  be  pointed  out.  There  is,  therefore, 
not  the  slightest  ground  for  seeing  anything  pre-Cambrian  there, 
and  even  my  own  supposition  that  they  were  the  lower  parts  of 
the  Cambrian  series,  elsewhere  unseen^  is  proved  to  be  erroneous. 

But  a  question  naturally  arises  from  our  review  of  the  conditions 
of  sedimentation,  namely  as  to  where  was  the  centre  of  the  volcanic 
eruptions  whose  products  we  find  embedded  in  the  slate.  With 
regard  to  the  Tairffynnon  Conglomerate,  we  may  imagine  that 
the  old  Dinorwig  centres  were  not  yet  exhausted,  though  we  cannot 
point  very  definitely  to  any  fresh  evidence  of  eruption  there. 

The  Bangor  Breccias  must  have  had  their  origin  in  an  explosion 
unaccompanied  by  lavas,  and  hence  we  should  scarcely  expect  to  find 
any  relics  of  the  orifice.  But  in  the  case  of  the  Bangor  Conglomerates 
and  their  equivalents  to  the  south,  lying  as  they  do  in  the  midst  of 
the  banded  series,  we  ought  to  be  able  to  point  to  some  fresh  source 
of  the  felsite-pebbles.  One  such  source  is  ready  to  our  hand, — the 
Llyn  Padarn  felsite,  which  we  might  thus  expect  a  priori,  to  be 
a  mid-Cambrian  outburst,  and  as  such,  independently  of  controversy, 
to  be  worthy  of  particular  study. 
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§  11.  Conclusions. 

The  above  observations  prove  that  there  is  a  definite  succession  in 
the  Cambrian  series,  which  is  the  same  in  the  isolated  portion  east 
and  south  of  Bangor  as  in  the  main  mass.  Whether  we  see  the  base 
or  not  depends  on  the  age  assigned  to  the  Dinorwig  felsite.  If  that  be 
Cambrian  there  might  be  beds  of  the  same  system  below  it,  but  there 
probabl}'  are  none,  since  we  certainly  see  the  base  at  Beaumaris. 
Whether  we  see  the  top  or  not  depends  on  whether  the  Bronllwyd  Grit, 
which  belongs  to  the  overlying  group,  is  conformable  or  not,  and 
there  is  no  evidence  that  it  is.  In  any  case,  no  intervening  bedu  above 
the  Purple  and  Pale  Slates  are  known  in  North  Wales. 

It  is  also  proved  that  the  rocks  to  the  west  of  the  felsite  belong  to 
the  lower  part  of  the  series,  and  those  to  the  east  to  the  upper, 
both  being  determined  in  areas  where  the  felsite  is  absent,  and  hence 
it  appears  probable  that  the  felsite  mass  is  a  volcanic  complex 
belonging  to  the  middle  of  the  Cambrian  period. 

Thus  m}'^  former  conclusions,  though  somewhat  modified,  are 
shown  to  be  substantially  correct. 

Paet  II.  (Abstract). 

It  is  further  argued  that  a  study  of  tbe  Llyn  Padam  felsite  proves 
it  independently  to  be  as  above  supposed,  and  a  post-Cambrian  age 
is  assigned  to  the  conglomerates  of  Moel  Tryfaen  and  Ll}n  Padaru. 

PLATE  VI. 

Map  showing  the  tequence  of  the  rocks  colled  '  Carohrian '  in  OaernarTonshire. 

Fig.  1  represents  tbe  northern  part  of  tbe  area,  and  Fig.  2  is  its  continuation 
to  the  south.    Scale :  1  inch  =  1  mue. 

Discussion. 

Dr.  Hicks  said  it  was  evident  that  the  Author  had  on  some  very 
important  points  greatly  modified  the  views  advanced  by  him  in 
hia  former  paper.  !Mj:.  Blake  now  admitted  that  Miss  Raisin  had 
proved  conclusively  that  he  had  been  greatly  deceived  by  the  Bryn 
!Bfail  section,  which  he  had  referred  to  as  the  crucial  spot  to  prove 
that  the  quartz- felsite  was  intrusive  in  Cambrian  sLites.  What  he 
bad  supposed  to  be  baked  Cambrian  slate  had  been  shown  by  Miss 
Kaisin  to  be  diabase  intrusive  in  pre-Cambrian  quartz-felsite. 
Dt.  Hicks  maintained  that  there  was  abundant  evidence  to  show  that 
the  Uyn  Padam  quartz-felsite  is  of  pre-Cambrian  age,  and  also  that 
Mr.  Blake  had  included  many  pre-Cambrian  rocks  in  his  so-called 
Cambrian  succession.  It  would  appear  also,  from  some  of  the  s])e- 
cimens  on  the  table,  that  the  Author  had  mistaken  some  crushed 
and  cleaved  pre-Cambrian  felsites  for  Cambrian  purple  slates. 
The  speaker  referred  to  the  fact  that  he  had,  in  the  report  of  the 
excursion  of  the  Geologists'  Association  to  Caernarvonshire  in  1883, 
indicated  the  position  of  each  of  the  zones  in  the  Cambrian,  in  the 
section  from  the  Penrhyn  slate-quarry  to  the  Nant  Ffrancon  Valley, 
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and  that  since  then  some  of  the  zones  had  been  worked  out  with 
much  success.  In  his  recent  memoir  on  the  OleruUu^hxma, 
Mr.  Walcott  says  that  the  Conocot'yplhe-viola  zone  above  the  Penrhyn 
quarry  must  be  included  in  the  Lowest  Cambrian ;  therefore  it  is 
dear  that  the  lowest  beds  of  the  Cambrian  occur  in  the  successioii 
on  the  east  side  of  the  quartz-felsite  axis.  The  conglomerate  which 
rests  on  this  axis  and  underlies  the  beds  which  contain  the  earliest 
known  Cambrian  fauna  must  be  considered  to  mark  the  base-line  of 
the  Cambrian  in  this  area, 

Mr.  Mark  thought  that  the  distribution  of  the  conglomerate  seen 
at  Llanberis  and  on  Mod  Tryfaen  was  difficult  to  account  for  if  the 
rock  was  post-Cambrian.  He  had  noticed  blocks  of  a  breccia  resem- 
bling the  conglomerate  on  the  summit  of  Mod  Tr3-faen  amongst  the 
talus  thrown  out  at  the  mouth  of  the  adit  on  the  hillside. 

Prof.  Blake  replied  that  something  that  might  be  called  a  con- 
glomerate often  followed  the  felsite  anywhere ;  but  where  he  had 
drawn  the  latter  as  intrusive,  the  stratigraphical  evidence  seemed  to 
point  to  its  being  so,  whatever  the  *  purple  slat/e  *  might  be.  Aa 
to  the  Pararloxides,  &c.,  they  could  be  discussed  when  they  had 
been  seen.  His  conclusions  depended  very  much  upon  details  of 
mapping,  and  the  criticisms  of  those  who  were  not  acquainted  with 
these  details  were  apt  to  be  somewhat  wide  of  the  mark,  but  he 
believed  that  some  tnith  would  be  found  in  his  paper. 
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19.  Ihe  Baised  Beaches,  mvd  *  Head  '  or  BtrBBLU-DBiFT,  of  tJie  SoriH 
0/ England:  their  B elation  to  theYALLBY  Drifts  ancZ  to  the 
Glacial  Period;  and  on  a  late  post-Glacial  Submergence. 
By  Joseph  Prestwich,  D.C.L.,  F.E.S.,  F.G.S. 
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§  1.  O^ects  op  the  Paper. 

I  HAVE  been  led  of  late  years  to  conclude  that,  besides  the  subaerial, 
marine,  and  river-valley  drifts  of  Glacial  and  post-Glacial  age,  there 
is  another  which  cannot  be  referred  to  any  of  the  causes  to  which 
those  drifts  owe  their  origin.  Nevertheless  this  drift  is  not  only  of 
common  occurrence,  but  it  is  found  in  positions  and  with  characters 
at  one  time  simulating  the  Valley  Gravels,  and  at  another  presenting 
features  more  analogous  to  those  due  to  Glacial  or  to  Subaerial  action. 
It  is  therefore  desirable,  in  order  to  prevent  confusion,  that  the  place 
of  this  Drift  should  bo  defined  before  proceeding,  as  I  had  intended, 
with  the  other  Quaternary  series  in  their  due  order. 

I  described  long  ago  one  phase  of  the  Bubble-drift — as  I  propose 
for  the  present  to  term  this  drift — in  the  Sangatte  Cliff,^  namely  that 
long  known  as  the  *  Head,'  which  is  associated  with  all  our  Baised 
Beaches ;  and  more  recently  I  have  briefly  discussed  some  of  the 
theoretical  questions  connected  with  its  origin.*  Since  then  I  have, 
however,  materially  enlarged  the  scope  of  the  enquiry  and  arrived  at 
more  definite  conclusions. 

I  purpose,  therefore,  in  this  paper — Istly,  to  give  the  range  of  the 
Baised  Beaches  and  Head  in  the  South  of  England  and  South  Wales ; 
2ndly,  to  show  their  relation  to  the  Valley  Drifts ;  3rdly,  to  define 
the  characters  and  position  of  the  Bead  or  Bubble-drift,  and  to 
determine  its  several  phases  inland  ;  and,  4thly,  to  enquire  into  the 
origin  and  age  of  this  special  drift. 

As  the  Baised  Beaches  have  a  general  uniformity  of  structure,  and 
have  been  often  described,  I  may  pass  over  them  rapidly,  and  omit 
details  except  where  there  are  new  points  to  notice  or  where,  in  a 
few  cases,  no  description  has  been  previously  given.     With  the 

»  Quart.  Joum.  Geol.  Soc.  vol,  vii.  (1851)  p.  274,  and  vol.  xxi  (1865)  p.  440. 
*  Brit.  Assoc.  Bep.  for  1880  (Swansea  Meeting),  p.  681 ;  and  Bull.  Soc.  g6ol. 
Prance,  3me  e^r.  vol.  viii.  (1880)  p.  547. 
Q.J.G.8.  No,  190.  T 


Digitized  by  VjOOQ IC 


264  FROF.  J.  PRE8TWICH  ON  THE  RAISED 

orerlpng  Rubble-drift  the  case  is  different ;  for  the  deposit  varies  ia 
eoraposition,  not  only  accoixling  to  the  locality,  but  also  according  to 
the  distance  from  its  source — variations  often  so  great  as  to  have 
given  rise  to  wide  differences  of  opinion  as  to  its  origin. 

The  first  distinctive  but  purely  local  name  applied  to  this  drift  was 
given  at  Brighton  by  Mantell,  who  termed  it  the  '  Elephant  Bed,' 
as  it  contained  the  remains  of  the  Mammoth.^  Be  la  Beche  applied 
the  term  *Head'  to  a  similar  angular  detritus  overlying  the 
Kaised  Beaches  of  Devon  and  Cornwall.'  Godwin -Austen  adopted 
the  same  term,  but  gave  it  an  extension  inland  beyond  the  limits  of 
the  Beaches.^  Murchison  looked  upon  the  Head  as  merely  one  form 
of  a  drift  which  he  took  to  be  general  over  the  whole  of  the  South 
of  England,  and  in  which  he  included  other  so-called  post-Glacial 
Drifts.*  To  this  he  gave  the  name  of  *  the  angular  Flint-drift.*  For 
convenience'  sake  I  shall,  in  speaking  of  this  drift,  use  the  term  Head 
or  Rubble-drift,  meaning  both  that  portion  lodged  on  the  Raised 
Beaches  and  that  which  exists  independently  in  other  areas. 

§  2.  Range  op  the  Raised  Beaches  and  *  Head,'  or  Rubble-drift, 
ON  THE  Coast.     (See  Map,  PI.  VITI.) 

The  encroachment  of  the  sea  in  recent  times  on  the  south-eastern 
coast  of  the  Channel  has  been  so  great  that  only  a  few  remuHnts  of 
the  Raised  Beaches,  which  we  have  reason  to  believe  extended  all 
round  the  South  Coast  of  England,  now  remain ;  but  of  the  Head, 
with  which  they  are  commonly  associated,  frequent  traces  are  to  be 
met  with  apart  from  the  Beach. 

(1)  The  Isle  of  Thanet.—^mdM  sections  of  the  Rubble-drift  are  to 
be  seen  at  the  Margate  (South  Eastern)  Railway-station  ;  again,  on 
either  side  of  the  North  Foreland,  in  the  gaps  at  Joss  Stairs  and 
Stone  Stairs,  and  in  the  cliffs  west  of  Ramsgate.  In  all  these  places  it 
consists  merely  of  chalk-and-flint  rubble,  mixed  with  Tertiary  flint- 
pebbles,  green-coated  flints  from  the  base  of  the  Thanet  Sands  (which 
once  spread  over  that  island),  and  with  occasional  patches  of  brick- 
earth.  This  rubble  exists  also  on  the  slope  of  the  cliff  of  the  South 
Foreland  adjacent  to  Kingsdown,  near  Walmer.  I  am  not  aware 
that  any  organic  remains  have  been  found  at  these  places. 

(2)  Dover  atid  Folkestone. —  A.  more  important  mass  of  Head  lies 
at  the  base  of  the  West  Cliff  of  Dover,  just  behind  the  South  Eastern 
Railway-station.  It  consists  of  chalk-and-flint  rubble  of  local  origin, 
containing  some  remains  of  the  Mammoth.  It  attains  a  thickness 
of  40  feet  or  more ;  and,  as  it  dcpcends  to  the  level  of  the  shore,  it 
is  possible  that  a  Raised  Beach  may  be  hidden  under  it  or  may  have 
existed  at  a  short  distance  in  front  of  it. 

A  '  Geology  of  the  South-east  of  England '  (1833),  p.  32. 

2  •  Report  on  the  Geology  of  Cornwall,  Devon.  &c;  (1839)  p.  432. 

'  *  On  the  Superficial  Accumulations  of  the  Coasts  of  the  English  Channel, 
and  the  Changes  they  indicate,'  Quart.  Journ.  Geol.  Soc.  toI.  vii.  (1851)  p.  118. 

*  •  On  the  Distribution  of  the  Flint-Drift  of  the  South-eatJt  of  England,  on 
the  Flanks  of  the  Weald,  and  over  the  Surface  of  the  North  and  South  Downs/ 
Quart.  Joum.  Geol.  Soc.  vol.  vii.  (1851)  p.  349. 


Digitized  by  VjOOQ IC 


BEACHES,  ETC.,  OF  THE  SOCXH  OF  ENOLAKD.  265 

At  Folkestone  a  bed  of  white  marl  (chalk-rubble),  loam,  angular 
flints  and  Tertiary  flint-pebbles,  8  to  10  feet  thick,  lies  on  the  top  of 
the  cUff  of  Lower  Oreonsand,  under  the  Battery,  at  a  height  of  about 
80  feet  above  the  sea.  Mr.  Mackie/  who  obtained  from  this  bed  a 
large  collection  of  mammalian  remains  (with  Helix  concinna  and 
If,  nentaralis),  considered  it  to  be  a  fluviatile  or  lacustrine  deposit 
formed  by  the  small  stream  which  flows  through  the  town — a  view 
adopted  by  most  later  writers  ;  but  I  look  upon  it,  as  did  Murchison, 
to  be  a  form  of  Head.  The  drift  no  doubt  extended  originally  down 
to  the  searlevel,  at  a  distance  probably  of  ^  to  ^  mile  beyond  the 
present  beach,  to  which  extent  the  sea  has  gained  on  the  land  since 
the  Eubble-drift  accumulated.  The  rubble  does  not  follow  the 
course  of  the  small  valley  along  which  flows  the  present  rivulet, 
but  passes  across  it  on  to  the  slopes  of  the  Chalk  escarpment,  where 
a  section  of  it  was  exposed  a  few  years  ago  at  the  Cement-works 
near  the  upper  railway-station,  at  a  height  of  about  liOO  feet  above 
the  sea.  The  deposit  there  varies  in  thickness,  and  rests  on  au 
uneven  surface  of  Gault  and  Lower  Chalk.    The  section  showed — 

1.  Brown  surface-soil 6  inches. 

2.  White  Marl  (Chalk-rubble),  with  land-shells    3  feet. 

3.  Angular  debris  of  flints,  Chalk,  Tertiary  flint-pebbles 

and  ironstone  (some  pieces  2  feet  in  length)  2  feet. 

The  shells,  which  were  determined  by  the  late  Dr.  Gwjti  Jefireys, 
are  more  numerous  than  at  the  Battery,  and  consist  of — 


Helix  nemoralis, 
-^—  concinna, 
-—-^  pulckella. 
rufescens  (?). 


Succinea  putris. 
Cyclostnma  {operculum). 
Bythinia  tentaeulata  (elongated 
Pupa  marginata,  [Tar.). 


The  mammalian  remains  in  the  Battery  section,  which  have  been 
determined  by  Sir  R.  Owen*  and  by  Dr.  Hugh  Talconer,^  belong 


Elephas  primic/enius, 

anfiqfiiis. 

Hippopotamus  major. 
Rhinoceros  tichorhinua. 

meffarhinus, 

Cermts  megaceroa, 
taraudiut. 


Cervus  elapkus. 
Bos  priscus. 
Equus. 
Sus  sp. 

Hi/eena  »pelaa, 
Urfttsf?) 


(3)  T7ie  Wealden  Coast, — There  is  no  appcatanoe  of  a  Head  or  of 
a  Raised  Beach  between  Folkestone  and  Hythe,  unless  the  patch  of 
Lower  Greensand  and  flint-rubble  with  land-shells,  noticed  by  Mr. 
H.  B.  Mackeson,  lying  near  the  top  of  the  cliff  at  the  back  of  Hythe, 
should  belong  to  the  former.  The  Beach  probably  followed  the  line 
of  the  low,  ruined,  and  grass-covered  clay  cliffs  which  extend  in 
crescent  shape  from  Hythe  to  Eye,  and  formed  the  shore  of  an  old 
bay  now  the  site  of  Romney  Marshes  and  Dungeness.    The  cliffs 

'  Quart.  Joum.  G-eol.  Soc.  toI.  vii.  (1851)  p,  257. 

'**  Quoted  by  Mackie,  op.  cit.  p.  261. 

'  *  ii'alseontological  Memoir^,'  toL  ii.  pp.  353,  5G4. 
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-which  project  on  the  coast  thence  to  Hastings  and  Pevensey  are 
equally  without  evidence  of  the  Beach  or  Head. 

(4)  Eastbourne, — The  town  stands  upon  abed  of  drift,  composed  of 
chalk-,  day-,  and  flint-rubble,  from  10  to  12  feet  thick,  rising  only 
a  few  feet  above  the  sea-level,  and  resting  upon  a  floor  of  Chalk  and 
Upper  Greensand.  There  are  no  open  sections,  but  in  digging  the 
foundations  of  houses  and  making  the  sewers  mammalian  remains 
have  been  found  from  time  to  time.  They  consist  of  Elephas  primi- 
genius^  Rhinoceros  ticJiorhinus,  Hippopotamus  major,  Bos,  and  Equus, 

Although  diflierent  in  aspect  and  level  from  the  Folkestone  and 
Brighton  beds,  this  deposit  cannot  be  assigned  to  any  river-drifr, 
whereas  from  position  and  physical  characters  it  agrees,  as  Murchison 
supposed,  with  the  Head  or  Elephant  Bed  of  Brighton.  Traces  of 
the  chalk-and-flint  rubble  from  1  to  5  feet  thick  were  formerly  to  be 
seen  west  of  the  town  on  the  lower  part  of  the  chalk  cliff  (fig.  1). 
In  this  I  found  a  few  land-shells,  and  1  foot  of  a  hard  breccia  like 
Brighton  Coombe  Kock.    As  it  descends  to  the  sea-level  and  passes 

Fig.  1. — Section  on  slope  of  hill,  west  of  Eastbourne, 
E.  W. 


C  d  chalk 


a.  Rubble  and  loam,  with  a  few  land-shells '\  t>  ,,,    ,  .^ 

h.  Coarse  chalk-and-flint  rubble |   «"?W«-dnfl. 

c.  Rubble  of  red  clay-with-flints  and  chalk \    ^"'^  *J°)f 

d.  Alternate  fine  ani  coarse  rubble,  with  a  few  Tertiary  flint-        coneretea 

pebbles :. J       P'^^-t^on*- 

[In  order  to  show  the  different  layers,  the  deposit  is  made  thicker 
than  it  should  be.] 

under  the  town,  it  changes  from  a  chalk-rubble  into  a  rubbly  clay- 
gravel,  which  extends  eastward  for  a  distance  of  2|  miles  or  more 
on  the  Pevensey  Road.  Teeth  of  the  Mammoth  have  been  found 
about  1  mile  east  of  Eastbourne  in  a  loamy  gravel ;  and  the  workmen 
at  a  neighbouring  brick-pit  informed  me  that  beneath  the  bone-bed 
they  came,  at  a  depth  of  15  to  1(3  feet,  upon  a  bed  of  sand  with 
sea-shells.  This  would  tend  to  show  that  the  Pevensey  Marshes 
were  a  sea-bed  of  the  time  of  the  Raised  Beaches. 

(5)  Birling  Gap, — Three  miles  westward  of  Eastbourne  is  the 
deep  and  narrow  Chalk  valley  of  East  Dean,  which  terminates  on  the 
coast  at  Biding  Gap.  The  low  cliff,  20  to  30  feet  high  and  about 
400  feet  in  length,  through  which  the  Gap  is  cut,  consists  in  its 
lower  part  of  disturbed  and  shattered  Chalk-with-flints  and  chalk- 
rubble,  passing  up  into  an  angular  flint  Rubble -drift,  which  t-ails 
out  on  either  side  on  the  slopes  of  the  encircling  hills.  This  drift 
contains  also  some  Tertiar}-  flint-pebbles  and  a  few  subangular 
flintfi  from  an  older  drift.  It  is  spread  out  in  very  irregular  sheets 
of  coarse  and  fine  materials,  with  some  seams  of  a  finely  laminated, 
white  chalky  marl. 
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I  could  find  no  fossil  remains  of  any  sort  in  this  rubble  ;  but  a 
few  hundred  yards  dist-ant,  up  the  valley,  several  Palaeolithic  imple- 
ments have  been  found  on  the  surface  of  this  drift,  with  which  they 
are  not  improbably  connected,  as  they  are  elsewhere. 

The  cliti's  between  Birling  Gap  and  the 
Cuckmcre  River  exhibit  several  other  small 
dry  valleys  cut  off  by  the  coast  cliff.  Most  of 
these  show  traces  at  their  base  of  the  same 
drift  (Head),  but  they  present  no  new  fea- 
tares.  The  Cuckmere  Valley  itself  is  fringed 
in  places  by  low  hills  of  sand  and  fiint- 
rubble  with  large  blocks  of  Tertiary  sand- 
stone/ 

(6)  At  Newhaven  the  sea  probably  pene- 
trated some  distance  np  the  Ouso  Valley ; 
for  at  a  pit  on  the  hill-slopes  near  Heighten, 
2  miles  inland,  to  which  my  attention  was 
directed  last  year  by  Mr.  H.  Willett,  there 
is  a  well-marked  exhibition  of  Head  resting 
on  a  floor  of  chalk  which  has  been  levelled 
by  water-action.  This  floor  is  about  50  feet 
above  the  Ouse,  and  although  no  liaised  Beach 
is  at  present  to  bo  seen  there  are  rolled 
pebbles  strewn  about,  with  worn  masses  of  , 
ironstone  at  the  base  of  the  Head  indicative 
of  shore-  or  river-action.  The  Head  extends 
farther  in,  and  seems  to  abut  against  a  Chalk 
cliff,  as  the  Chalk  comes  to  the  surface  on  the 
top  of  the  hill.  This  Head  is  from  10  to  15 
feet  thick,  and  consists  as  usual  of  roughly- 
bedded  local  rubble  of  chalk  and  angular 
flints,  with  some  Tertiary  debris,  alternating 
with  beds  of  finely-laminated  marl  and  dense 
masses  of  angular  flint-rubble  (often  concreted 
into  solid  blocks),  together  with  some  very 
largo  entire  flints  and  a  few  brown-stained 
much-worn  flints  from  an  older  drift.  We 
found  one  fragment  of  an  Elephant's  tusk 
and  one  tooth  of  Rhinoceros  tichorhitvts^  but 
no  shells.  This  deposit  is  identical  with  the 
Elephant  Bed  of  Brighton. 

There  is  a  small  exhibition  of  Head  and 
Coombe  Rock  at  Rottingdcan,  but  no  Raised 
Beach,  as  the  sea  has  encroached  too  far  on 
the  old  line  of  cliffs. 

(7)  Brighton. — We  here  have  the  typical 
Head  of  the  South  Coast,  overlying  a  well- 
marked   Raised  Beach.      The   overlying   mass  of   rubble   or  the 
Elephant  Bed  attains,  according  to  Mantell,  a  thickness  of  60  feet. 

^  Murchison,  Quart.  Joum.  Geol.  Soc.  toI.  vii.  (1851)  p.  360. 
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To  the  concreted  portions  Mantell  gave  the  name  of  '  Coombe  Rock/ 
This  rubble  is  largely  developed,  and  extends  under  a  great  part  of 
East  Brighton  and  to  the  end  of  Kemp  Town.  The  mammalian 
remains  found  in  it  belong  to  Elephas  primigenius^  Mhinoctros 
tichorhinus,  Cervus  elaphus^  Hippopotamus  major,  Equus  cabaJlvs, 
Sus  scrofa,  and  Bos.  Mantell  remarks  on  the  perfect  state  of  the 
Mammoth  teeth,  showing  that  they  could  not  have  been  transported 
from  a  distance.  Murchison  applies  the  same  remark  to  the  bones 
in  general,  which  show  fracture  but  not  wear. 

Mantell  describes  the  Head  as  a  confused  heap  of  alluvial 
materials,  having  a  layer  of  broken  sea-shells  at  its  junction  with 
the  underlying  Eaised  Beach. ^ 

I  have  often  visited  the  Kemp  Town  cliff,  and  as  the  hypothesis 
which  I  shall  propose  hinges  largely  on  the  condition  and  structure 
of  this  section,  it  will  be  necessary  to  describe  it  at  greater  length. 
Murchison's  section  is  a  very  good  one,  but  I  have  failed  to  notice 
the  pipes  that  he  figures. 

Fig.  3. — Section  east  of  Kemp  Town,  at  right  angles  to  the 
line  of  old  cliffs. 


a.  Chalk-and-flint  rubble,  or  Head,    c.  Raised  beach.    </.  Present  beach. 
[The  cliff  here  is  about  80  feet  high.] 

The  upper  part  of  the  Head  consists  of  an  unstratified  mass  of 
sharp  angular  flints  and  chalk  fragments,  overlying  a  series  of 
irregular  lenticular  masses  of  the  same  character,  alternating  with 
others  composed  chiefly  of  chalk-rubble  and  marl  with  but  few  flint*. 
Some  of  the  seams  are  coloured  yellow  by  the  admixture  of  sand 
(Tertiary),  and  others  consist  of  a  pure  chalk-paste  or  marl,  finely 
laminated.  A  few  much-worn  dark  brown  flints,  Tertiary  flint- 
pebbles,  and  fragments  of  iron-sandstone,  derived  from  an  older 
drift  or  from  Tertiary  strata  on  the  Downs  above,  occasionally  occur  ; 
while,  projecting  from  the  face  of  the  cliff",  large  blocks  of  Tertiary 
sandstone,  angular,  or  with  the  angles  but  slightly  worn,  may  often  be 
seen.  One  of  these  measured  8x2x2  feet.  The  several  layers 
composing  the  Head  vary  extremely  iu  thickness  and  in  horizontal 
'  *  Geology  of  the  South-east  of  England,*  p.  32. 
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dimensions,  but  a  general  similarity  and  a  sort  of  rude  bedding  are 
maintained  throughout,  with  a  slight  slope  upward  towards  the  t'aca 
of  the  old  cliff. 

An  appearance  of  contortion  is  ]>roduced  in  places  by  the  excess 
of  rubble  shot  down  at  particular  spots,  chiefly  about  the  centre  of 
the  cliff,  and  encircled  by  layers  of  a  different  composition.  As  the 
chalk-and-ilint  rubble  approaches  the  top  of  the  cliff,  it  is  gen^rally^ 
bent  back  and  carried  down  the  slope  already  formed  by  the  pre- 
viously deposited  rubble.  The  flint-rubble,  looked  at  alone,  shows 
rapid  and  tumultuous  accumulation,  while  the  finer  layers  of  the 
chalk-rubble  or  marl  often  have  the  fine  lamination  produced  by 
tranquil  water-action  and  deposition.  But  there  is  an  entire  absence 
of  any  of  the  effects  produced  by  continuously  running  water,  nor  is 
the  angle  of  bedding  of  the  mass  such  as  would  be  formed  under 
subaerial  conditions  by  rubble  falling  over  the  top  of  the  cliff,  which 
would  lie  at  a  much  greater  and  more  uniform  angle. 

I  have  not  found  any  land-shells  in  the  Brighton  Head,  though 
from  its  identity  with  the  Head  at  Sangatte,  where  they  are  common 
iu  some  of  the  marly  beds,^  as  they  are  also  at  Eolkestone,  they 
may  be  expected  to  occur  herfe. 

The  old  beach  consists  of  a  well-worn  and  rounded  flint-shingle, 
mixed  with  some  sand  and  a  few  Tertiary  flint-pebbles,  together 
with  pebbles  and  worn  blocks  (mostly  small)  of  older  rocks.  On 
one  occasion  Mr.  James  Howell  showed  me,  at  the  base  of  the  old 
beach,  a  thin  bed  of  fine  pinkish  marl,  with  indistinct  vegetable 
impressions,  having  much  the  character  of  seaweeds,  but  I  have  not 
been  successful  in  finding  this  bed  again.  The  upper  part  of  the 
shingle-beach  contains  numerous  large  subangular  fragments  of 
chalk,  while  in  the  lower  part  are  some  much-worn  blocks  of  sand- 
stone and  chalk,  the  latter  often  drilled  by  annelids.  The  shells 
ai'e  few,  and  mostly  in  fragments  :  CarcUum  edule,  Mytilus  edulis^ 
Littorina  litt(yrea,  and  Purpura  lapillus  predominate.  Mantell  men- 
tions that,  at  the  base  of  the  shingle,  there  is  in  places  a  bed  of  sand 
1  to  2  feet  thick,  in  which  he  found  the  jawbone  of  a  whale 
(BalcBna  mysticetus). 

The  rock-specimens,  which  are  generally  small  and  much  worn,* 
other  than  those  of  local  origin,  that  I  have  found  in  the  Brighton 
Eaised  Beach  are  22  in  number,  and  consist  of : — 

Fissile  micaoeons  Sandstone. 
Light-coloured  Limestone. 
Brown  Shale. 


Light  grey  and  red  Granites. 

Light  red  Syenite. 

B^  Porphyry  (decomposed). 

Bark  grey  Felstone. 

Greenstone  (decomposed). 

Mica-flchist. 

'White,  grey,  and  red  Quartz. 

OliTe-green  slaty  rock. 

White  and  grey  Quartzite -pebbles. 

Bark  and  light  green  Sandstones. 

Bed  and  grey  oScareous  Sandstones. 

Compact  brown  Sandstone. 


An  Oolitic  Rock. 

An  earthy  yellow  Lime-rock. 

Obloritic  Cbalk. 

Bark  yellow  Chert  (in  one  specimen 

I    noticed   the  impression   of  an 

Echinus). 
Black  Chert. 

Bagstone  (Lower  Ghreensand). 
Jasperoid  Flint. 


^  Quart..  Joum.  Geol.  Soc.  toI.  xxi.  (18«5)  p.  440. 

*  Mr.  W.  J.  L.  Abbott,  F.G.S.,  informs  me  that  some  of  the  quartzite  and 
quartz-specimens  found  by  him  were  distinctly  ice-scratched  (January  Ttb,  1892). 
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The  origin  of  these  foreign  rocks,  which  are  more  numerous  and 
larger  at  Pagham  and  Hayling  Island,  will  he  discussed  farther  on. 
(8)  Hove  and  Portslade. — West  of  Brighton,  the  liaised  Beach 
falls  nearly  to  the  sea-level  at  Hoye,  and  the  Head  passes  into  an 
ordinary  ochreous  flint-gravel  with  hrick-earth,  overlying  a  shell- 
hed.^  In  making  the  main  sewer  on  the  road  hetween  Brighton 
and  Hove,  a  section  15  feet  deep  was  exposed,  showing : — 

feet 

Brick-earth  with  afew  flints 3 

Unstratified  flint-gravel  and  brown  clay 9 

Light  coloured  sand  (irregular) 1 

Black  carbonaceous  clay  with  indistinct  vegetable  remains,  large 
worn  flints,  and  fragments  of  shells  (TelUnaf  Mytilus,  &o.)  2 

The  gravel  lies  in  rough  furrows  running  nearly  due  N.  and  S.,  or 
from  the  foot  of  the  hills  towards  the  sea.  This  plain  of  gravel 
extends  westward  for  some  miles,  and  sometimes  forms  a  low  cliff, 
a  section  of  which  near  Southwick  shows  a  mass  of  chalk-and-flint 
rubble  overlying  a  thin  bed  of  sand  with  fragments  of  shells.  Half 
a  mile  to  the  north  of  this,  at  the  foot  of  the  chalk  hills  near  Port- 
slade, is  a  pit  of  considerable  interest.  When  I  saw  it  in  1879,  it 
presented  the  following  section : — 


4to  6 


Fig.  4. — Section  of  Brick-jnt  near  live  Portslade  Station. 


feet 
f  Light  brown  brick-eartli  with  few 

flints  4 

1.  Angular flint-and-chalk rubble: 
indents  into  2   1  to  3 

2.  Chalk-and-flint  rubble— ochre- 
ous sand  and  flints  uneven  at 
base    

3.  Unstratifled  ohalk-And-flitit  rub- 
ble, with  numerous  large  un- 
worn flints :  remains  of  Mam- 
moth and  Tichorhine  Rhino- 
ceros occur  in  the  lower  part 
of  this  bed    8  to  10 

The  section  ends  here  a  little 
above  the  hose  of  S;  the  under- 
lying  beds  are  drawn  from 
the  foremwfCs  description. 

4.  White  clay  (bed  3  continued). .  2 

5.  Brownday  VI 

bhinele  and  large  flints  with  Pecten 

and  Cardium,    (Raised  Beach) ...  «^ 

Ctaulk. 


At  a  depth  in  the  chalk-ruhble,  according  to  the  foreman  of  about 

^  This  wns  described  by  Sir  R.  Murchison,  Quart.  Joum.  GeoL  Soc.  vol.  vii. 
1851)  p.  367, 
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5  feet,  but  of  15  feet  according  to  the  label  on  the  specimen  in  the 
Brighton  Museum,  a  well-shaped  pointed  flint  implement,  weathered 
white  and  slightly  patinated,  had  been  found  shortly  before  my 
visit.  The  brown  clay,  5,  may  have  been  derived  from  adjacent 
Tertiary  strata. 

(9)  TJie  Sussex  Coast  Plain. — This  plain  is  covered  by  a  thin  bed 
of  drit't-clay  and  flint-gravel,  which  it  is  not  possible  to  connect 
with  the  action  of  the  two  small  rivers  (Adiu:  and  Arun)  that 
traverse  the  eastern  half  of  the  plain,  while  the  western  half  is  not 
traversed  by  any  river.  Nor  can  it  be  ascribed  to  marine  action, 
although  it  overlies  a  marine  bed — the  equivalent  of  the  Eaised 
Beach  of  Brighton.^  But  it  may  be,  and  I  believe  is,  an  extension 
at  a  lower  level  of  the  Eubble-drift  or  Head  swept  down  from  the 
slopes  of  the  neighbouring  Chalk  hills,  which  in  transit  has  lost 
(except  in  a  few  places  near  the  Chalk  hills)  its  calcareous  matter, 
together  with  the  bulk  of  the  heavier  load  of  flints,  so  that  on  the 
coast  it  is  represented  merely  by  a  thin  bed  of  gravelly  chiy  and  brick- 
earth,  lliis  also  was  the  opinion  of  Murchison  and  of  God  win- Austen. 

At  Waterbeach  and  Lavant,  a  few  miles  to  the  north  of  Chichester, 
we  find  thick  beds  of  mixed  chalk-and-flint  rubble  or  of  flint-rubble 
with  enclosed  masses  of  chalk-rubble.  At  Broil  Common,  nearer  t^ 
Chichester,  this  has  passed  into  a  mass  of  unstratified,  coarse  flint- 
gravel  8  feet  thick.  At  the  Portfield  the  rubble-gravel  is  inter- 
calated with  thin  lenticular  seams  of  sand  and  loam,  in  which  the 
late  Mr.  Hill,  Curator  of  the  Chichester  Museum,  found : — 


Helix  nemoralis, 

conctnna. 

pulchella(?). 


Pupa  marffinaia, 
Succinea  piUrU, 
Zua  lubrica. 


Nearer  the  coast  the  bed  becomes  thinner  and  consists  merely  of 
brick-earth  with  a  bed  of  flints  at  its  base,  but  without  stratification. 

Occasionally  the  deposit  shows  disturbance  and  distortion,  the 
flints  (a')  being  pushed  up  into  the  brick-earth  (a),  as  in  fig.  5, 
below. 

Fig.  5. — Section  in  the  cfiff  near  Pagham, 


a.  Brick-earth  

a'.  Irregular  seams  of  flint-gravel  , 


;}4to 


6  feet. 


Sometimes  the  base-line  is  level,  at  other  times  it  rests  on  an  irre- 
gular and  eroded  surface. 

Mammalian  remains,  similar  to  those  of  the  Elephant  Bed  of 
Brighton,  are  occasionally  found  in  this  drift.     The  fine  lower  jaw 

^  The  inland  range  of  this  beach  I  have  before  described,  Quart.  Journ. 
Geol.  8oc  ToL  xr.  (1859)  p.  215. 
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of  Mammoth,  with  the  teeth  complete,  from  Worthing,  mentioned  by 
Mr.  Dixon,^  and  the  greater  part  of  the  Mammoth's  skeleton,  from 
Peppering,  near  Arundel,  described  by  Dr.  Mantell,  belong  to  beds 
of  this  age.  But  the  largest  and  best  known  collection  of  mamma- 
lian remains  comes  from  Selsey  or  Bracklesham.  There  is,  however, 
a  difference  of  opinion  as  to  the  position  of  this  bed.  Some  geolo- 
gists have  considered  it  to  be  of  older  date  than  the  Brighton  Head, 
although  I  see  no  reason  for  doing  so.  The  section's  are  oertainly 
obscure,  but  the  remains,  with  the  exception  of  the  ElepTias  aniiqaus 
(which  does  not  occur  at  Brighton,  though  it  does  at  PolkestoneJ, 
are  all  of  the  same  ordinary  species,  namely  : — 


E^ephas  antiquus, 

primigenius. 

Rhinoceros  tichorhinus, 
Equus  cabaUus, 


Bison  prtscut. 
Bos  lonffifrons, 
Cervus  elaphua.^ 
Cants  lupus. 


Elsewhere  under  the  rubble,  remains  of  the  old  Beach  are  often 
met  with — sometimes  with,  and  at  other  times  without  shells. 
Mr.  Dixon  records  its  occurrence  at  Broadwater  and  Sompting  near 
Worthing,  with  Littoritia  littarea,  L.  rudis,  and  Purpura  lapHlus, 
At  Oving,  near  Chichester,  it  contains  Tellina  baJthica^  and  in  the 
Chichester  Museum  there  are  specimens  of  Cardium  edule  and  My- 
tilus  edulis  from  the  same  place.^  This  Beach  attains  its  highest 
level  of  130  feet  above  O.D.  at  Waterbeach,  near  Chichester,  7  miles 
inland.  To  the  shells  already  recorded  I  may  add  Nassa  incroisata. 
Under  the  gravelly  clay  on  the  coast  near  Pagham,  a  thin  bed  with 
Littorina,  Cardium,  and  My  tilus  is  occasionally  met  with,  and  frag- 
ments of  the  same  have  sometimes  become  incorporated  in  the 
overlying  drift.    An  ear-bone  of  a  whale  was  fouud  at  Bracklesham. 

Over  the  plain  between  Worthing  and  Pagham,  in  addition  to  the 
pebbles  of  foreign  rocks  commonly  found  as  far  as  Brighton,  large 
boulders  of  similar  rocks  are  met  with  in  considerable  numbers. 
Near  Barnham  Farm,  there  was  a  few  years  ago  a  block  of  fine- 
grained red  granite,  measuring  2^  feet  by  1^  foot.  Occasional  blocks 
occur  in  the  direction  of  Chichester.  At  Waterbeach  I  found  small 
boulders  of  chalk,  but  none  of  foreign  rocks,  in  th^  sand  of  the  old 
sea-bed.  But  it  is  at  and  around  Pagham  Harbour  that  the  foreign 
boulders  are  found  in  greatest  number  and  of  largest  size.  Godwin- 
Austen  mentions  '^ : — 


Grey  porpbyritio  Granites. 

Compact  red  Granites. 

Sjenite. 

Hornblendic  Greenstone. 

Mica-schist. 

Green  fissile  slates,  and 

Fibrous  chloritio  semicrystalUne  rocks. 


Masses  of  Vein-quartz. 

Siliceous  Sandstone:!. 

Conglomerates. 

Micaceous  Sandstones  with  Orthida. 

Black  micaceous  shaly  SandsLOues. 

Compact  Limestones. 


^  '  The  Geology  of  Sussex,'  2nd  ed.  revised  by  Prof.  X.  Rupert  Jones  (1878), 
p.  21. 

^  This  bed  is  distinct  from  the  remarkable  shell-bed  with  its  large  Pholades 
at  Bracklesham,  to  which  I  purposelj  omit  reference  owing  to  the  uncertainty 
of  the  sections  hitherto  given. 

*  *  On  the  Newer  Tertiary  Teposita  of  the  Sussex  Coast,'  Quart.  Joum* 
Geol.  Soc.  vol.  xiii.  (1857)  p.  66. 
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One  block  of  porpbyritic  red  granite,  wbicb  had  fallen  out  of  the 
low  cliff,  we  found  to  be  27j  feet  in  circumference. 

(10)  Hayling  Island, — The  surface  of  this  island  is  flat,  and  its 
structure  is  very  similar  to  that  of  the  plain  just  described — namely 
a  covering  of  gravelly  day,  a  few  feet  thick,  resting  on  the  London 
Clay,  with  boulders  occasionally  projecting  above  its  surface.  Large 
boulders  are  common  on  the  coast,  and  many  are  to  be  seen  in  the 
farmsteads  and  at  the  cross-roads.  I  spent  a  week  in  the  ibland  in 
1 875,  and  made  a  tolerably  complete  collection  of  these  rocks,  which 
I  had  hoped  to  examine  later  on  at  leisure.  To  my  regret,  the 
box  containing  the  8i)ecimen8  was  lost,  so  that  I  can  only  give  a 
list  from  the  notes  I  made  on  the  spot.'  (A  short  notice  of  them  will 
be  found  in  the  Reports  of  the  liritish  Association  Meeting  at 
Southampton  in  1882,  p.  529.) 


Fine-Drained  white  Qranite. 

Bed  Granite. 

Syenite. 

Porphyry. 

JMorite. 

White  Quartz-rock. 


Light-coloured  micaceous  Sandstones. 
Light  Eed  ^andsUines. 
Hard  Chalk  (drilled  by  annelids). 
Freshwater  Liuiestx>ne  (Upper  Ter- 
tiary). 
Fossil  Wood  (Pordand  Beds). 


Host  of  the  blocks  are  angular  or  subangular.  Some  few  are 
smooth  and  look  ice- worn,  but  I  saw  no  definite  markings.  They 
are  often  met  with  in  trenching  and  draining,  at  a  depth  of  from 
1  to  4  feet.     They  may  vary  in  weight  from  ^  to  6  tons. 

The  two  largest  blocks  I  saw  were  of  sandstone,  and  measured 
respectively 6 It.  10 in.  x  5ft.  x  2fb.4in.,  and 5ft.  x  5 ft.2in.  X 2ft. Tin, 
(this  last  was  very  angular).  On  one  mile  of  shore  I  counted  as  many 
OS  30  blocks  of  various  sizes  and  materials.  They  must  originally 
have  been  even  more  numerous,  for  of  late  years  a  large  number 
have  been  gathered  together  in  the  grounds  of  Westfield  House, 
whilst  many  have  been  broken  up.  I  was  much  interested  in  a 
8i)ecimen  of  fossil  wood,  like  that  of  Portland,  26  inches  long  l>y 
14  in  width,  which  was  shown  me  at  the  Vicarage ;  it  seemed  to  me 
at  the  time  almost  conclusive  evidence  of  the  direction  from  which 
the  boulders  came.  I  was  moreover  informed  that  smaller  pieces 
had  been  found.  A  similar  discovery  at  Selsey  had  been  recorded 
by  the  Rev.  0.  Fisher.^ 

The  boulders  in  this  island  might  appear  to  form  part  of  the 
day-and-gravel  drift,  and  Godwin-Ausren  noticed  them  in  the 
same  position  in  the  Pagham  district,  but  I  think  it  more  probable 
that  these  were  stranded  on  the  old  Beach-shore,  and  not  until  later 
on  were  they  covered  up  by  the  Bubble- drift.  These  shores  may 
have  then  presented  very  much  the  same  aspect  that  some  parts  of 
the  West  Coast  of  Scotland  now  present :  a  strand  dotted  over  with 
boulders  of  all  sizes.  I  was  also  told  that  at  the  depth  of  a  few 
feet  beneath  the  surface,  and  under  the  drift  and  boulders,  marine 
shells  (Osfrea,  Cardium^  and  Litlorina)  were  sometimes  met  with, 
but  I  had  no  opportunity  of  verifying  the  statement. 

1  Geol.  Mag.  for  1871,  p.  524. 
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(11)  Portsea, — ^This  is  the  farthest  point  westward  to  which  these 
houlders  have  been  traced,  though  pebbles  of  the  old  and  crystalline 
rocks  are  to  be  found  beyond,  but  these  are  such  as  cocdd  have 
been  drifted  by  tidal  action  along  a  shore-line,  whereas  the  boulders 
are  evidently  ice-borne.  Mr.  Codrington  describes  the  boulders  at 
Portsea  as  "  rounded  and  smoothed,"  "  from  1  to  2  cubic  feet  in 
size,''  and  consisting  of  *'  granite,  syenite,  and  greenstone,  as  .well 
as  of  sarsenstone."  ^  When  I  visited  the  pits  none  were  visible.  !No 
mention  is  made  of  beach-shells. 

(12)  The  Isle  of  Wight.— There  is  a  Raised  Beach,  thick,  but  of 
small  extent,  at  Bembridge  Point,  whence  it  extends  at  intervals  * 
to  near  Kyde.  It  consists  of  a  mass  of  rolled  chalk-flints,  some 
Tertiary  tlints,  and  white  quartz -pebbles,  rounded  fragments  of 
ironstone,  cherty  ragstone,  and  sarsenstone,  with  a  few  large 
pebbles  of  light-coloured  and  red  quartzite,  and  small  pebbles  of 
lydianstone  and  slaty  hornstono,  in  a  matrix  of  quartzose  sand 
roughly  bedded.  No  large  boulders  and  no  shells  have  been  found. 
The  beach  is  overlain  by  20  to  30  feet  of  Head,  composed  of  brick- 
earth  with  a  small  proportion  of  angular  local  debris.  In  this 
Kubble^rift  Mr.  Codrington  found  an  ovoid  flint-implement  perfectly 
sharp  at  the  edges.^ 

With  the  exception  of  this  bed  at  Bembridge,  the  fragment  at 
Portsdown  Hill,^  and  uncertain  indications  near  Pool,  the  Beach 
is  now  lost  sight  of  for  the  remainder  of  the  Hampshire  coast,  and 
is  not  met  with  again  until  the  Isle  of  Portland  is  reached.  (In  my 
former  estimate  of  the  altitude  of  Portsdown  Beach  an  observation 
by  aneroid  barometer  led  me  to  flx  it  at  125  feet  above  sea-level, 
but  the  Ordnance  Survey  shows  that  it  is  under  100  feet.) 

Nevertheless,  it  is  probable  that  the  Beach  passed  round  the  back 
of  the  island,  at  no  great  distance  from  the  present  shore.  The 
extensive  landslips  at  the  extreme  southern  points  have  obliterated 
all  the  older  coast  features,  but  between  Blackgang  Chine  and 
Freshwater  Gate  they  remain  intact.  Along  this  line  a  continuous 
low  cliff  (80  to  150  feet)  fronts  south,  while  at  a  short  distance 
northward  the  central  Chalk  range  of  the  island  runs  east  and  west. 
On  the  top  of  this  cliff  is  a  bed  of  gravel  (and  brick-earth)  from  5  to 
10  feet  thick.  In  the  absence  of  any  rivers  flowing  off  or  through 
the  Chalk  range  on  this  part  of  the  coast,  this  gravel  was  referred 
by  Mr.  Codrington  to  a  river  which  is  supposed  to  have  flowed 
at  the  back  of  the  island  between  the  present  shore  and  a  land 
to  the  southward,  now  removed,  and  then  to  have  passed  through 
Freshwater  Gate"  northward  into  an  old  Solent  river..  This  sup- 
position, however,  involves  difficulties  similar  to  those  which  attend 
the  Solent-river  hypothesis.  The  gravel  is  wanting  in  the  essential 
characters  of  a  fluviatile  gravel,  the  gradients  are  incompatible 

^  Quart.  Journ.  Geol.  Soo.  vol.  xxvi.  (1870)  p.  635. 

*  Bristow,  Mem.  Geol.  Surv.  '  Isle  of  Wight,'  p.  102. 
^  Quart.  Journ.  Gbol.  Soo.  vol.  xxvi.  (1870)  p.  542. 

*  Jbid.  vol.  xxviii.  (1872)  p.  3a 
»  Ibid.  vol.  xxvi.  (1870)  p.  540. 
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with  the  course  and  fall  of  a  river,  the  wear  of  the  materials  is  too 
small,  and  there  is  an  entire  absence  of  fluviatile  remains. 

The  gravel,  though  unstratified,  has  in  places  a  roughly  bedded 
structure,  owing  to  intercalated  lenticular  seams  of  sand  and  brick- 
earth  or  loam,  which  latter  generally  forms  a  separate  bed  4  to 
10  feet  thick,  overlying  a  gravel  consisting  of 

1.  Angular  chalk-flints. 

2.  Subangular,  and  much-worn  brown-stained  flints. 

3.  Angular,  or  but  little  worn  pieces  of  chert  and  ragstone. 

4.  Subangular  pieces  of  iron-sandstone. 

5.  A  few 'small  pebbles  of  white  quartz  and  lydianstone. 

The  chalk-flints  come  from  the  Chalk  hills  which  rise  to  the 
height  of  600  to  700  feet  immediately  behind  the  plain.  The  brown 
flints  are  from  the  clay-gravel  on  the  top  of  those  hills ;  and  the 
chert,  ragstone,  and  iron-sandstone,  together  with  the  small  pebbles, 
come  from  the  Lower  Greensand  on  the  middle  slopes ;  while  the 
Gault  furnishes  the  argillaceous  portion  of  the  drift.  The  whole, 
therefore,  is  strictly  of  local  origin,  and  from  the  range  of  hills 
immediately  north  of  -where  it  now  lies. 

Mr.  Codrington  mentions  that  the  remains  of  Elephas  primi- 
geniuB  have  been  found  in  the  gravel  near  Grange  Chine,  and  also 
half  a  mUe  east  of  Brook  Chine.  Webster  states  that  numerous 
trunks  of  trees,  many  of  them  10  to  12  feet  in  length,  and  mixed 
with  nuts,  were  found  under  8  or  10  feet  of  sand  and  gravel  on  the 
top  of  Brook  Cliffy ;  and  Br.  Mantell  picked  up  near  the  same  spot 
teeth  of  Equus  and  Cervits,  which  he  thought  came  out  of  the  same 
peaty  bed.*  Mr.  Codrington,  on  the  contrarj^  found  the  remains 
of  wood  and  hazel-nuts  '*  in  a  hollow  in  the  gravel  which  was 
2  ft.  6  inches  thick  beneath  them."  Both  observers  are,  however, 
correct.     When  I  first  visited  the  section  in  1856  it  exhibited  : — 

feet 

Angular  flint-gravel,  sand,  and  peaty  matter     2 

Ochreous  sandy  loam,  with  an  inch  or  two  of  peatj  matter,  with 

twigs  and  leaves  at  its  base    4 

Coarse  ferrufi^nous  flint-gravel,  concreted  in  places  3 

Stems  and  twigs  of  trees    1 

Besting  on  Wealden  Clay. 

Yisiting  the  cliffs  again  a  few  years  since,  I  met  with  the 
following  section,  in  which  the  plant-remains  were  above  the 
|2^ravel : — 

1.  Brick-earth,  with  stem  of  tree  at  base. 

2.  Fen-uginous  gravel. 

3.  Coarse  sand. 

4.  Ochreous  gravel,  with  trunk  of  tree  and  branches  of  wood  and  nuts. 

Ajb  the  brick-earth   approaches  the   hills   it  becomes  divisible 

1  Sir  H.  Englefleld's  *  Isle  of  Wight,'  p.  153 ;  Forbes's  *  Isle  of  Wight,'  Mem. 
aeol.  Survey  (1856),  pp.  7, 104. 

«  *  Geology  of  the  liJe  of  Wight '  (1851),  p.  273. 
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into  two  parts — aa  upper  one  composed  essentially  of  femiginons 
sandy  debris  from  the  Lower  Greensand,  and  a  lower  one  oonsisting 
of  a  clay  similar  in  colour  and  substance  to  the  Gault  which  crops 
out  just  above. 

At  Freshwater  Gate  there  is  a  well-marked  deposit  of  Head, 
descending  on  both  sides  of  the  valley  to  the  water-level.  It  is 
possible,  by  drawing  a  vertical  line  at  any  part  of  the  section,  to 
divide  the  deposit  into  heds,  as  was  done  by  E.  Forhes,^  hut  they 
are  rather  lenticular  masses  than  true  beds,  and  such  sections  would 
vary  with  the  ever-varying  face  of  the  cliff. 

On  the  eastern  side  of  the  Bay  the  deposit  is  more  chalky,  with 
more  hrick-earth  and  less  gravel  than  on  the  western  side,  where 
the  Chalk  hill  behind  rises  higher  and  the  drift  goes  higher  up  the 
slopes — to  a  height  of  60  ft.  according  to  Mr.  Codrington.*  The  great 
mass  of  the  gravel  on  this  side  is  very  coarse  and  consists  approxi- 
mately of 

Per  eent. 
Angular  flints,  with  some  others  stained  light  brown  and  more 

woni 63 

Pebbleij  of  hard  ohtdk  and  chalk-marl   6 

Subangular  and  worn  fragments  of  iron-sandstune  and  ironstone 

(Lower  Greensand  and  Wealden)       26 

Sligh  tly  subangular  fragments  of  chert  and  ragstone  5 

Looking  at  the  angle  at  which  the  Cretaceous  strata  lie,  all  this 
dehris  may  have  come  from  high  ground  a  few  hundred  feet  south 
of  the  Bay,  now  removed  hy  the  wear  of  the  cliff,  and  not  from  any 
distant  point.  It  presents  no  appearance  of  river- action,  and  the 
only  shells  found  are  land-shells.  The  few  chalk-pebbles  would 
require  but  little  wear  to  produce  them,  or  they  may  have  lost 
their  angles  and  become  rounded  merely  hy  the  percolation  of  water. 
Most  of  the  chalk-flints  retain  their  sharp  angles,  and  the  heds  on 
either  side  of  the  Bay  follow  the  steep  slopes  of  the  hills  and  not 
the  horizontal  lines  of  a  river-deposit. 

Allowing  for  the  differences  of  the  substrata,  these  drifts  on  the 
south-western  coast  of  the  Isle  of  Wight  have  all  the  characters  of 
the  Elephant  Bed  of  the  Brighton  district,  only  on  this  coast  the 
encroachment  of  the  sea  has  removed  the  Baised  Beach  and  the 
old  cliff.  In  both  cases  the  dehris  is  local  and  unstratified,  has 
undergone  comparatively  no  wear,  and  contains  land-remains  only. 

The  second  edition  of  the  Survey  Memoir  on  the  Isle  of  Wight,' 
which  descrihes  more  fully  the  Pleistocene  beds,  contains  several 
notices  of  a  drift  which  may  possihly  he  referred  to  the  Rubble- 
drift,  such,  for  example,  as  the  gravel  capping  the  cliffs  between 
Black  gang  and  Shepherd's  Chine  (pp.  :i30-234),  including  the 
sections  in  Shippard's  C*hine,  in  which,  besides  wood  and  nutshells, 
the  remains  of  beetles  are  recorded  (p.  232).     The  Chalk  talus  in 

»  *  Geology  of  the  Isle  of  Wieht '  (1856),  pp.  2-5,  103. 
^  The  manner  in  which  this  deposit  follows  the  slope  of  the  hill  is  shown 
in  E.  Forbes's  sketch  of  Freshwater  Bay,  op.  cU.  p.  5. 

^  Revised  by  Messrs.  Clement  Beid  and  Aubrey  Straban,  1889. 
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Oompton  Bay  (p.  237),  which  is  20  feet  thick,  that  above  Brixton,  and 
perhaps  that  on  Gore  Cliff  [in  which  land-shells  occur]  (p.  238),  as 
well  as  some  other  beds,  may  likewise  belong  to  the  llubble-drift, 
but  I  have  not  had  an  opportunity  of  visiting  the  island  since  the 
publication  of  that  Memoir. 

(13)  Isle  of  Purhecic, — In  the  same  way  it  is  probable  that  the 
Raised  Beach  passed  at  a  short  distance  from  the  present  shore,  at 
the  back  of  the  Isle  of  Purbeck.  Here  again  with  the  wear  of  the 
coast,  all  traces  of  it  and  of  the  greater  part  of  the  Head  have  been 
lost.  In  Encombe  Park  there  is  a  trail  of  mixed  gravel  and  brick- 
earth,  descending  in  a  small  shallow  gully  from  the  higher  ground 
above,  and  not  connected  with  any  river  or  valley-course ;  like 
the  bed  at  Folkestone  Battery,  it  most  probably  belongs  to  this 
drift.  At  a  height  of  about  240  feet,  and  half  a  mile  from  the  edge 
of  the  cliff,  remains  of  the  under-mentioned  animals,  which  1  saw  ift 
the  collection  of  the  late  Lord  Eldon,  were  found  : — Elephas  primi" 
genius.  Rhinoceros  tidiorhinuSy  Cervus  tarandus  C^),  Equus,  and  Bos, 

At  Lulworth  and  Arrish  a  Head  of  local  drift  descends  to  near 
the  shore-level,  but  the  Beach  is  still  absent. 

(14)  The  Isle  of  Portia nd,^The  beach  on  the  top  of  Portland  Bill 
is  in  an  admirable  state  of  preservation.  The  details  of  it  will  bo 
found  in  a  former  paper  by  the  present  writer,*  and  the  shells,  which 
are  numerous,  are  tabulated  with  others  at  p.  300.  The  relation 
of  the  Head  to  the  Beach,  and  the  verj'  significant  features  of  the 
former,  are  best  seen  in  a  section  near  the  top  of  the  cliff  west  of 
the  lighthouses,  at  the  southern  end  of  the  long  inclined  plane 
forming  the  surface  of  the  island. 

Fig.  6. — Section  on  the  western  side  of  Portland  Bill, 


a.  Bubble  of  angular  fragments  of  Purbeck  Beds. 

a'.  Rubble  (much  contorted)  of  sand  and  marl,  with  numerous  patches 

of  land-shells  and  several  large  angular  blocks  of  Purbeck  si  raft. 
e.  Baised  Beach  (no  shells  in  this  part) — disturbed  at  iis  junction 

with  the  overlying  Rubble. 

1.  Purbeck  strata. 

2.  Portland  rock. 

The  Rubble-drift,  a,  a',  which  is  here  only  from  5  to  15  feet  thick, 
is  bent  back,  as  it  were,  on  itself,  doubling  over  the  Beach  (fig.  6). 

1  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  (1875)  p.  29. 
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At  the  northern  end  of  the  island,  where  the  Rubble  rests  against  the 
slope  of  the  scarped  edges  of  Portland  strata  (400  feet  high),  it 
forms  a  mass  of  unstratified  rubble  some  60  feet  thick  or  more. 
At  both  places  it  consists  entirely  of  local,  angular  and  subangnlar 
debris  and  blocks,  some  of  large  size,  derived  from  the  Purbeck  and 
Portland  strata ;  and  in  both  cases  it  contains  land-shells, — mih 
some  marsh-shells  at  Chesilton,  where  the  rubble  contained  also 
Ci/pris  Browniana  and  Candona  Candida.  There  may  have  been 
a  piece  of  marshy  ground  or  a  pond  in  the  Eimmeridge  Clay  here, 
previously  to  the  impact  of  the  Head. 


O  Limnaa    tmncatula,    MiilL 
(opercula). 

#  Bf/thinia  tetUaculata.  Miill. 

•  Phiwrhis  glaber,  Jeffr. 


•O  Pupa  marginata^  Drap. 

O  Succinea  ohhngn,  Drap. 

O  Helix  virgata^Da  Costa. 

O  Limax  agresfis,  Linn,  (the  shield). 
#0  Limnaa peregra,  Miill. 

O  Found  at  Portland  Bill.  •  Found  at  Chesilton. 

I  note  particularly  these  structural  conditions  of  the  Head,  on 
account  of  their  bearing  on  the  theoretical  questions  that  will  after- 
wards arise. 

Between  Portland  and  the  Exe  the  sea  has  cut  back  the  Jurassic 
and  Cretaceous  strata  of  the  Dorset  coast,  and  formed  the  deep  bay 
of  Lyme  Begis,  in  which  there  are  no  traces  of  the  old  Beach.  It 
no  doubt  took  a  more  direct  course  acro.ss  the  bay  than  the  present 
beach.  The  remains  of  it  are,  however,  to  be  found  in  the  present 
beach  and  in  the  Chesil  Bank,^  both  of  which  are  in  great  part  re- 
constructed out  of  its  materials. 

The  valley  of  the  Exe  would  seem  at  this  time  to  have  formed 
an  estuary.  Mr.  W.  Yicary  pointed  out  to  me  a  slight  terrace 
on  either  side  of  the  valley,  corresponding  with  what  probably 
would  have  been  the  beach-level,  about  15  feet  above  O.I). ;  and 
Godwin-Austen  mentions  the  occurrence  of  marine  shells  at  a  depth 
of  a  few  feet  from  the  surface  of  the  valley  near  Exeter. 

(15)  JTie  South  Devon  and  Cornish  Coasts. — The  cliflfs  of  hard 
Palaeozoic  rocks  of  these  counties  have  undergone  comparatively 
slight  wear  since  the  Kaibcd  Beach  period.  Consequently,  rem- 
nants of  that  Beach  are  common  along  these  coasts,  nestling  in  many 
nooks  and  sheltered  places.  They  are  most  of  them  weU  known, 
having  been  described  by  the  early  Cornish  and  other  geologists.' 
A  very  complete  account  of  them,  with  additions,  has  also  lately 
been  given  by  Mr.  W.  A.  E.  Ussher.'  I  may  therefore  confiue 
myself  to  brief  notices,  except  in  those  cases  where  there  are  special 
points  to  remark  upon. 

^  *  On  the  Origin  of  the  Chesil  Bank,*  Proo.  Inst.  Civ.  Eng.  vol.  xl.  (1874-5) 
part  ii.  p.  61. 

'  Trans.  Soy.  Geol.  Soc.  Cornwall,  toIs.  i.  to  x.  See  also  Be  la  Beche*8 
*  Report  on  the  Geology  of  Cornwall,  Devon,  &o.,*  and  Mr.  Pengelly's  aoTeral 
papers  in  Trans.  Devon  Assoc.    I  have  visited  the  principal  of  these  Beaches. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxxiv.  (1878)  p.  449,  and  Geol.  Mag.  for  1879, 
p.  27 ;  aee  also  his  *  Poet-Tertiary  Geology  of  Cornwall.* 
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The  Beach  and  Head  reappear  in  the  cliff  to  the  east  of  Dawlish, 
where  they  consist  of  a  mass  of  angular  local  debris  (including 
some  large  flints)  from  7  to  15  feet  thick,  overlying  beds  of  sand  and 
shingle  (the  pebbles  generally  larger  than  in  the  present  beach) 
which  attain  in  places  a  thickness  of  24  feet,  and  rest  on  the  New 
Red  Sandstone.  I  was  informed  that  shells  are  occasionally  met 
with  in  the  Beach.  Traces  of  the  Beach  and  Head  are  also  to  be 
seen  on  the  banks  of  the  Teign,  on  the  road  to  Bovey  Tracey. 

The  well-known  Beach  at  Hope's  Nose,  originally  described  by 
God  win- Austen,^  caps  the  headland  a  short  distance  east  of  Torquay, 
where,  in  consequence  of  its  being  concreted  by  a  cement  of  car- 
bonate of  lime,  it  forms  a  projecting  cornice  about  31  feet  above 
high-water  mark.  It  is  overlain  by  3  feet  of  sand  and  then  by  a 
few  feet  of  angular  local  rubble  (Head),  in  which  I  found  a  tooth 
of  Horse.  Many  of  the  shells  are  entire,  but  they  are  mixed  with 
a  large  proportion  of  comminuted  shells.     They  comprise — 


Patella  mtlgata, 
Littorina  lUtorea. 

rudis, 

Murex  erinaceua. 
Purpura  lapUlus. 
Turritella  terebra. 
Cardium  edtUe. 


Cyprina  islandica. 
Nytilus  editlis. 
dstrea  eduiis, 
Pecten  varius, 
Burrows  of  Saxicava. 
,,        of  Annelids. 


Mr.  A.  R.  Hunt  has,  however,  given  a  much  fuller  description 
of  the  liaised  Beach  shells  from  the  Thatcher  Rock,  a  small  island 
facin<;  the  headland  and  about  300  yards  distant  from  the  shore  * 
(for  tliis  list,  see  p.  300).     It  is  about  25  feet  above  sea-level. 

In  Torbay  there  are  small  portions  of  a  Raised  Beach  near 
Paignton,  and  another  to  the  south  of  Brixham.  They  are  about 
30  feet  above  sea-level,  and  present  no  new  features.  The  shells  in 
the  latter  are  chiefly  Ostrea  eduiis  and  Littorina  littorea  (many 
young  specimens).  Again,  at  Start  Point  and  two  or  three  other 
places  between  Torbay  and  Plymouth,  fragments  of  the  old  Beach 
are  to  be  met  with,  following  closely  the  line  of  the  present  shore. 
This  is  still  more  marked  at  Plymouth,  where  the  Beach  follows 
the  sinuosities  of  the  Sound. 

The  original  section  of  the  Beach  at  Plymouth — since  removed 
in  quarrying — was  at  the  west  end  of  the  Hoe,  and  about  35  feet 
above  the  present  beach.  In  another  section,  more  recently  ex- 
posed, and  described  by  Mr.  R.  N.  Worth,'  the  beach  was  8  feet 
thick,  and  consisted  of  alternating  layers  of  sand  and  pebbles — 
8ome  large,  but  mostly  small — with  big  blocks,  chiefly  of  lime- 
stone, waterworn  at  the  edges.  The  coast  there  consists  entirely 
of  limestone,  but  in  the  upper  part  of  this  Beach  pebbles  of  red 
and  grey  grit,  of  slate,  and  of  the  felspathic  traps  found  in  asso- 
ciation with  the  Triassic  conglomerate  in  Cawsand  Bay,  predo- 
minate.    Cawsand  Bay  is  two  miles  to  the  westward  of  the  Hoe, 

*  Trans.  Geol.  Soo.  2nd  ser.  toI.  vi.  (1842)  p.  441, 
2  Trans.  Devon  Assoc,  for  1888,  vol.  xx.  p.  227. 
^  Trans.  Roy.  Geol.  Soo.  Cornwall,  vol.  x.  p.  204. 

a  J.  G.  S.  No.  190.  u 
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and  as  a  deep  (above  100  feet)  and,  in  all  probability,  old  cbannel 
intervenes,  the  Triassic  materials  in  the  Beach  could  have  been 
carried  there  only  by  floating  ice.  One  boulder  of  a  species  of 
trap  rock  derived  from  this  source,  and  'weighing  upwards  of 
2  cwt.,  was  found  with  others  in  the  lower  part  of  the  Beach. 
The  shells  belonged  to  the  common  varieties  of  Purpura,  Patella, 
Buccinumy  and  Ostrea,  Bones  and  teeth  of  Ox  were  found  in  the 
overlying  Head.  At  another  spot,  remains  of  the  Mammoth  and 
Hyaena  were  found  be1-,ween  the  Head  and  the  Beach.  Traces  of 
the  Beach,  covered  by  a  Head  of  angular  local  debris,  are  to  be  seen 
both  on  the  western  and  eastern  sides  of  Plymouth  Sound. 

Between  Plymouth  and  Falmouth  a  Eaised  Beach  exists  at  Looe 
IsLand,  Polkerris,  Polmere  Head,  Spit  Point,  Pendower,  Porthscatho, 
and  Porth  (see  Map,  PL  VIII.). 

There  is  a  large  amount  of  an^lar  slate-debris,  in  places  30 
to  40  feet  thick,  at  the  entrance  to  Falmouth  Harbour  and  west 
of  Pendennis  Castle.  Mr.  Whitley  informs  me  that  with  it 
there  are  intercalated  *'  5  beds  of  impalpable  sand  mixed  with 
crushed  stones."  In  the  lower  part  are  some  lar^  blocks  of  the 
local  Killas.  The  Head  extends  a  considerable  distance  seaward 
from  its  base  on  the  shore.  The  following  section  in  descending 
order  was  taken  some  years  ago  : — 

a.  Angular  d^hris  of  slate,  with  blocks  of  the  same  and  veins  of  quartz,  in  a 

matrix  of  fine  sand  and  loam. 
5.  Quartzose  sand,  with  worn  fiat  pieces  or  cakes  of  slate. 

c,  ^nd,  with  white  quartz  and  slate-pebbles. 

d,  Baised  Beaoh. 

As  the  Beach  trends  westward  it  is  reduced  to  little  more  than 
a  bank  of  white  quartz-pebbles,  while  with  the  decrease  in  height  of 
the  shore  the  Head  diminishes  in  thickness  and  passes  into  an 
ordinary  thin  surface-drift,  covering  both  the  Beach  and  the  low 
intervening  ridges  of  slat'C.  In  Swanpool  Bay  the  Beach  is  from 
6  to  8  feet  above  sea-level,  and  is  apparently  without  shells. 

Thence  to  Penzance,  portions  of  the  Beach  and  Head  are  to  be 
seen  near  Eosemullion  Head,  at  Ligwrath,  Coverack  Bay,  Porthbeer, 
Loo  Pool,  Pra  Sands,  and  on  the  difis  on  the  eastern  side  of  Marazion 
Bay.  The  noticeable  points  on  this  coast  are  the  large  proportion 
of  loam  or  earth  in  the  Head,  the  large  blocks  of  slate  and  Killas 
that  often  occur  in  it,  and  the  confused  heaping  of  the  fragments ; 
also  the  large  size  of  some  of  the  slate-  and  granite-pebbles  in  the 
Beach,  which  vary  from  the  size  of  a  hazel-nut  to  a  foot  in  diameter: 
and  the  presence  of  chalk-flints.  The  Beach  is  not  unfrequently 
concreted  by  iron  peroxide  or  carbonate  of  lime  into  a  solid  mass, 
often  overhanging.^ 

From  Penzance  the  Beach  hugs  the  coast  round  the  Land's  End 
to  St.  Ives,  showing  that,  notwithstanding  the  force  of  the  Atlantic 
waves,  this  promontory  has  undergone  but  little  change  of  form 
since  the  Eaised  Beach  period.     Portions  of  the  Beach  and  Head 

1  Ussher,  Gtwl.  Mag.  for  1879,  pp.  167-69. 
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exist  at  Mousehole,  St.  Loy  Cove,  Whitesand  Bay,  Pornarvon  Cove, 
Porth  Just,  Priest's  Cove,  Cape  Cornwall,  Porth  Ledden  Cove,  Greeb 
Tor,  Pendeen  Cove,  Carrack  Olu  Point,  Treen  Cove,  and  Porth- 
ywidden  Cove,  St.  Ives  (see  Map,  PI.  VIII.). 

The  Eaised  Beaches  round  the  Land's  End  vary  from  4  to  15 
feet  in  thickness,  and  are  from  5  to  15  feet  above  high- water  mark. 
They  consist  of  pebbles  of  quartz,  granite,  slate,  and  greenstone  in  a 
granitic  sand,  together  with  round  and  subanguJar  boulders  of  the 
same  local  rocks — some  being  as  much  as  2  feet  in  iliameter, — and 
a  few  small,  subangular  chalk-flints.'  Shells  are  rare,  except  in  a 
comminuted  state.  The  overlying  Head  is  from  10  to  60  feet  thick, 
and  consists  of  angular  fragments  of  the  adjacent  granite,  slate, 
greenstone,  and  hornblende-rocks,  with  angular  blocks  of  the  same 
(of  considerable  size)  embedded  in  a  light  brown  loam.  Mr.  N. 
Whitley  gives  the  thickness  of  the  Head  between  Newlyn  and 
Mousehole  at  40  feet.  The  slope  of  it  is  so  gradual,  in  comparison 
with  the  slope  of  the  hill,  that  it  would  have  originally  extended 
300  feet  beyond  its  present  base. 

(16)  The  North  Coast  of  Cornwall  and  Devon, — On  the  east  of 
St.  Ives  Bay  a  liaised  Beach  extends  from  Gwythian  to  Godrevy. 
The  beds  var}'  much  in  thickness,  the  Head  being  in  some  places 
15  feet  thick,  and  the  Beach  is  about  5  feet  above  high- water  mark. 
A  sketch  of  Mr.  Ussher's,  from  which  the  following  diagram  (tig.  7) 
is  reduced,  shows  that  the  Head  here  reached  to  a  rock,  210  feet 
distant  from  the  shore. 

Fig.  7. — Diagram  of  Oodrevy  Beach  (*  Godfrey  '  in  map). 


feet 

a.  Head  of  angular  fragmenU    5  to  10 

b.  Grey  and  brown  (blown?)  sands,  dipping  inwards  10  to  16 

c7.  Beach,  with  slate  fragments    1  to    5 

There  is  a  fine  example  of  a  Raised  Beach  in  Fistral  Bay,  near 
New  Quay.  It  extends  along  the  bottom  of  the  Bay,  where  it  is 
only  a  few  feet  (6  to  10)  above  the  level  of  the  present  beach,  to 
the  headland  at  the  southern  end,  where  it  rises  to  a  height  of 
between  20  and  25  feet.  Fig.  8  (p.  2d>2)  is  a  section  taken  near 
the  centre  of  the  Bay. 

^  Mr.  N.  Whitley  estimates  the  relative  proportions  6i  the  pebbles  in  the 
Baised  Beach  near  St.  Ives  at : — 

Hornblende-rock  20 

Granite  15 

Quartz    6 

Chalk-flints    2 

u2 
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Mr.  S.  R.  Pattison,  on  the  authority  of  Prof.  Morris,  records  in  this 
Beach  Modiola  vulgaris  (Mytilus  modiolus)^  CytJierea  chione,  Ostrea^ 
and  Patella.^  The  thickness  of  the  Blown  Sands  or  old  Dunes 
which  lie  between  the  Head  and  the  Beach,  and  their  marked  sub- 
aerial  characters,  are  here  very  noticeable. 

Fig.  8.— Section  of  Cliff,  Fistral  Bay. 


\    ^    iV/     ,   r~F,      XVs'' 


-^^^^VOi 
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a.  Head  composed  of  sharply  angular  debris  of  slate,  with  some 

large  angular  blocks   of  wliite  quartz-rock,   embedded  in         feet 
brown  earth  or  loam    4  to  20 

b.  Coarse  greyish  sand,  with  some  seams  of  white  quartz-pebbles, 

and  some  of  angular  fragments  of  slate 3  to  12 

c.  Raised  Beach :  a  shingle  consisting  chiefly  of  white  quartz- 

pebbles,  in  quartzose  sand,  with  large  subangular  blocks 
of  quartz.  Few  shells— mostly  in  f ragmen td— some  young 
shells  of -iVya  ^rMWCfl^a  (?)    2  to    3 

I  found  several  specimens  of  weathered  Patelke  (P.  vulgata)  in 
the  lower  beds  of  sand,  and  Mr.  Ussher  mentions  the  occurrence  of 
"  a  few  shells  of  Helix '^  It  is  said  that  bones  of  Ox  have  also  been 
met  with.*'*  In  places  the  Sands  are  consolidated,  often  false- 
bedded,  and  frequently  contain  minute  fragments  of  the  littoral 
sheila.  Mr.  Whitley  described  some  circular  pipes  in  the  Sands 
and  Beach  like  those  in  Chalk  districts,  but  at  the  time  of  my 
visit  none  were  visible.  Mr.  Pengelly  has  noticed  similar  conical 
shafts  in  the  old  Blown  Sands  of  Barnstaple  Bay. 

From  New  Quay  to  the  coast  of  Devonshire  there  are  but  few 
traces  remaining  of  the  Raised  Beach.  Some  unimportant  portions 
exist  near  St.  Colomb  Minor  and  in  Constantine  and  Perleze 
Bays.  In  Daymer  Bay  there  is  a  beach-reef  on  the  shore,  which 
Mr.  Ussher  says  is  the  only  example  known  to  him  in  Devon  and 
Cornwall  of  an  old  beach  below  high-water  mark.  In  this  are 
fragments  of  slate  and  vegetable  remains,  with  the  roots  of  trees 
(oak  and  hazel).  The  beach  indicates  a  depression  of  5  to  10  feet 
below  high-water  mark.  The  exposed  coast  between  Pentiue 
Point  and  Hartland  Point  has  no  Eaised  Beaches,  but  after  turning 

^  Trans.  Roy.  Geol.  Soc.  Cornwall,  vol.  vii.  p.  50. 

^  '  Report  on  the  Geology  of  Cornwall,  &c.,*  p.  428 ;  De  la  Beche  has  noticed 
these  Blown  Sands  in  several  places. 
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that  Poiut  we  come  to  the  sheltered  estuary  of  the  Taw,  which  is 
nearly  encircled  hy  them. 

A  little  to  the  west  of  Westward  Ho  is  a  very  massive  Raised 
Beach.^  It  is  15  feet  above  the  level  of  the  present  beach,  and  con- 
sists almost  entirely  of  ^lebbles,  in  size  like  large  cannon-balls  (many 
of  them  IJ  feet  in  longest  diameter),  of  a  very  hard,  compact, 
greenish-grey  sandstone  from  the  Carboniferous  rocks  a  short 
distance  westward,  mixed  w\th  very  little  sand.  This  Beach  contains 
no  ahells,  and  is  from  5  to  10  feet  thick.  It  is  covered  immediately 
by  a  Head  of  angular  slaty  debris  5  to  8  feet  thick.  A  similar 
Beach  with  the  same  massive  pebbles  is  again  seen  on  the  top  of 
the  cliff  at  Cornborough  Common,  but  it  is  there  separated  from  the 
Head  of  angular  debris  by  2  to  3  feet  of  sand.  It  thins  off  inland, 
but  may  be  traced  at  intervals  as  far  as  Appledore. 

At  Instow,  opposite  Appledore,  the  Baised  Beach  with  shells 
rests  on  a  platform  of  rock,  a  few  feet  above  the  level  of  the  river. 
It  has  no  overlying  Head,  and  has  been  largely  worked  for  gravel. 

Between  thia  place  and  Fremington  the  railway  passes  through  a 
cutting,  abput  25  feet  deep  (PI.  VII.  fig.  6),  of  Devonian  rocks, 
flanked  at  one  end  by  a  small  quantity  of  Bubble-drift  and  at  the 
other  by  a  Kaised  Beach  with  a  covering  of  Bubble-drift,  of  which 
the  section  is  as  under : — 

feet 

a.  Angular  slaty  debris  embedded  in  a  reddish  sandy  day  2to6 

6.  Shingle  of  Inrge  rolled  fragments  of  slate  (of  less  size  than  at 
Westward  Ho),  with  some  quartsite-pebbles  from  the  New  Red 
Sandstone,  small  white  quartz-pebbles,  and  a  few  subangular 
chalk-flints,  in  a  sandy  matrix.  There  was  une  boulder  of  a 
white,  fine-grained  granite,  measuring  2jxHX  l^  ft.,  but  no 
shells : 1  to  12 

The  Beach  abuts  against  a  low  cliff,  above  which  the  hill  rises 
slightly  with  a  bare  surface,  while  seaward  the  angular  debris 
(Head)  which  overlies  the  Beach  irregularly  mingles  with  it,  and 
the  line  of  separation  is  lost. 

South  of  the  line  of  railway  is  a  thick  deposit  of  clay,  which 
has  been  referred  to  by  Mr.  Maw  as  possibly  Boulder  Clay.*  It 
is  underlain  by  a  thin  bed  of  gravel,  at  about  the  same  elevation 
as  the  Baised  Beach  in  the  adjoining  Bay,  with  which  Mr.  Maw 
correlates  it,  and  in  which  I  found  a  few  fragments  of  the  ordinary 
Baised  Beach  shells.  The  clay  is  of  an  uniformly  fine,  smooth 
texture,  brown  in  colour,  and  attains  on  the  summit  of  the  hill  a 
thickness  of  78  feet.  Mr.  Maw  states  that  a  large  boulder  of 
'  basaltic  Trap  *  was  found  in  it  at  a  depth  of  12  feet.  I  met  with 
a  smaller,  somewhat  angular  boulder  of  a  light-coloured  decom- 
posing granite,  and  one  of  a  light-green  felspathic  sandstone ;  but 
I  could  not  say  whether  they  belonged  to  the  clay-bed  or  to  the 

^  A  view  of  the  Baised  Beach  is  giTen  by  the  Author  in  bis  '  Geology '  &c., 
vol.  ii.  p.  617.  It  is  from  this  Beach  that  the  Boulder-ridge  beach  of  Apple- 
dore is  no  doubt  derived.  See  also  Mr.  Pengelly*s  paper  in  Trans.  Devon  Assoc, 
for  1867,  vol.  iL  p.  4a 

*  Quart  Joum.  Qeol.  Soc.  vol.  xz.  (1864)  p.  445. 
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overlying  irregular  gravel.     Mr.  Maw  fonnd  no  shells  in  the  clay, 
but  only  some  '*  blackened  pieces  of  driftwood." 

There  is  not,  however,  sufficient  evidence  to  connect  thia  deposit 
with  the  true  Boulder  Clay.  It  is  covered  by  an  irregular  bed  of 
angular  gravel  3  to  '8  feet  thick,  composed  chiefly  of  fragments  of 
grey  limestone,  and  apparently  contemporaneous  with  the  Head  over 
the  Raised  Beach  of  Barnstaple  Bay.  This  clay  would  therefore  seem 
ro  be  on  the  same  horizon  as  the  Caves  and  Blown  Sands,  and  it 
may  be  a  lake-deposit  of  that  period.  It  must  have  had  a  larger 
extension  than  at  present,  but  suffered  erosion  at  the  time  it  was 
covered  by  the  Head.     It  requires,  however,  further  examiuatioo. 

The  well-known  Raised  Beach  of  Barnstaple  Bay  extends,  with 
few  interruptions,  from  Croyde  Bay  by  Baggy  Point  to  Morthoe. 
There  is  little  to  add  to  tho  description  of  it  by  Murchison  and 
Sedgwick  and  other  geologists,^  except  to  notice  that  the  sands 
underlying  the  Head,  which  they  associated  with  the  Beach,  are 
blown  sands  or  old  dunes  driven  in  from  the  shore  after  the  uplift  of 
the  old  Beach.  The  list  of  shells  in  the  Beach  has  also  been  con- 
siderably enlarged.  The  clitf-section  may  be  divided  into  three 
parts. — ^The  upper  one  consists  of  the  usual  local  angular  rubble, 
composed  of  small  and  large  fragments  of  slaty  Devonian  rocks  in  a 
brown  earth,  without  apparent  bedding,  and  varies  from  10  to  50 
feet  or  more  in  thickness  (a,  fig^  9,  p.  285).  It  is  cemented  in  places 
by  a  calcareous  infiltration,  forming  a  dark  compact  breccia.  The 
Head  rests  on  an  irregular  indented  surface  of  the  Sands,  6,  which 
vary  in  thickness  from  5  to  30  feet,  and  contain  occasional  thin 
layers  of  small  subangular  fragments  of  slate.  The  bedding  is  hori- 
zontal, with  frequent  oblique  lamination.  Sometimes  the  Sands  are 
partly,  and  at  other  times  nearly  wholly  concreted,  as  at  Baggy  Point, 
where  they  form  a  solid  overhanging  mass.  A  section  of  them,  under 
the  Head  a  (fig.  9),  there  gave :  — 

foot 
fl.  Loofle  eand,  without  shells 2 

2.  Concreted  sand  OJ 

3.  Looee  sands,  with  land-shells  2 

4.  Concreted  sand,  with  land-sbells 12 

5.  Loose  sands,  with  an  occasional  weathered  T&lve  of  Mytilus 
and  Cardium    .'....,..    8 

The  land-shells  were  numerous  in  places  and  were  found  by 
Grwyn  Jeffreys  to  belong  to  Helix  virgaia.  Da  Costa,  H,  canlmna^ 
Mont.,  and  Bulimus  ventrlcosus,  Drap.  The  Balimus  is  a  South 
European  species,  its  most  northern  habitat  being  the  south-west 
coast  of  France.  The  Helices  are  species  still  living  in  the  district. 
On  the  adjacent  recent  dunes,  Helix  virgata,  H,  caniiana,  and 
Bulimtis  acutwf  are  common. 

These  Sands  overlie  a  Beach  (c,  ^g.  9)  which  consists  of  worn  and 
rounded  fragments  of  slate,  hard  grey  and  micaceous  sandstones, 
chalk-flints,  and  pebbles  of  white  quartz  and  reddish  quartzite,  in  a 

^  Trans.  Geol.  Soo.  2nd  »er.  vol.  v.  (1837)  p.  279.  Pengelly,  Trans.  Deron 
Assoc,  for  1867,  vol.  ii.  p.  43. 
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matrix  of  sand  with  a  large  proportion  of  commiDuted  shells,  which 
13  often  concreted.  Bdlani  (B,  crenatus,  Darw. ?)  are  attached 
thickly  to  the  raised  rock  up  to  a  height  of  from  10  to  12  feet 
above  high-water  mark.  Entire  shells  are  not  common  ;  the  most 
abundont  species  are  Purpura  lapillus^  Littorina  littorea.  Patella 
vnlgata^  Cardium  eclule^  Mt/tllus  edulis,  Mya  truncata^  and  Ostrea 
edulis,     Foraminifera  are  numerous.     The  complete  list  of  the  shells 


Fig.  9. — Section  at  Baqgy  Pointy  North  Devoii. 


J>ei/&nian  staUt 


will  be  found  on  p.  300.  Amongst  them  is  Cardium  papillosum^  not 
now  known  to  range  farther  north  than  Falmouth.  The  block  of 
red  granite  in  the  beach  at  Baggy  Point  measured  7x5x2  feet. 
I  found  also  a  smaller  block  of  a  fine-grained  white  granite,  and 
one  of  hornblendic  granite  in  another  part  of  the  cliff. 

A  special  feature  to  notice  in  connexion  with  the  Kaised  Beaches 
from  the  Land's  End  to  North  Devon  is  the  frequent  occurrence  of 
Blown  Sands  or  Dunes,  6,  over  the  Beach  and  under  the  Head. 
These  sands  show  bedding  and  false- bedding,  and  are  very  com- 
monly concreted,  owing  to  the  presence  of  shell-sand  which  has 
furnished  the  cementing  carbonate  of  lime.  They  attain  in  places  a 
thickness  of  from  20  to  30  feet  or  more,  though  they  have  frequently 
been  denuded  and  deeply  indented  by  the  superimposed  Head. 
These  prove  that,  after  the  formation  of  the  Beach,  the  coast  must 
have  undergone  sufficient  elevation  to  raise  the  Beach  above  wave- 
action,  and  also,  if  we  are  to  judge  by  the  depth  of  the  old  river- 
channels  on  the  Cornish  coast,  many  feet  above  the  level  that  the 
Beaches  now  have.  From  the  size  of  the  pebbles  in  the  Beaches 
and  the  extent  of  the  old  Dunes,  we  may  conclude  that  this  coast  was 
exposed  to  even  wilder  gales  from  the  westward  than  at  the  present 
day.  Large  portions  of  the  dunes  now  forming  on  these  coasts  are 
derived  from  these  old  Blown  Sands,  for  which  they  may  often  be 
easily  mistaken. 
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There  are  no  Kaised  Beaches  between  Ilfracombe  and  Lynton, 
but  in  places  there  is  an  accumulation  of  local  rubble  or  Head.  At 
Porlock  Bay,  where  it  has  been  described  by  Godwin-Au8t4?n,  the 
Head  extends  for  some  distance  out  to  sea  and  forms  the  substratum 
on  which  the  Submarine  Forest  grew.  This  therefore  fixes  a  limit 
to  the  age  of  the  Submarine  Forests  on  this  coast. 

(17)  The  Somersetshire  Coast. — The  principal  Kaised  Beach  on 
this  coast  is  that  at  Weston-super-Mare,  and  though,  owing  to 
the  lowness  of  the  land  between  Bridgwater  and  Weston,  the  sea 
would  seem  at  one  time  to  have  extended  inland  to  the  foot  of  the 
Mendipe,  no  traces  of  the  Beach  are  recorded  on  the  surrounding 
hill-slopes.  Within  this  area,  however,  as  at  Chilton  Trinity,  near 
Bridgwater,  there  are  several  banks  of  shingle,  which  may  have 
been  shallows  in  the  sea-bed  of  the  period ;  and  Mr.  H.  B.  Wood- 
ward records  the  occurrence  of  marine  shells  at  Middlezoy  and  Sutton 
Door,  near  Glastonbury.^ 

The  section  which  I  saw  at  Chilton  Trinity  was  only  7  feet  deep 
and  exposed : — 

feet 

1.  Brown  loam  and  a  little  gravel 2^ 

2.  Concreted  sand,  forming  i  hin  tabular  slabs O} 

3.  Shingle  of  quartz,  quartzite,  flints  (subangular  and  stained 

— irom  an  older  gruTel),  and  other  pebbles  in  a  matrix 
of  sand  with  numerous  entire  shells  (chiefly  MytUu^ 
edulis  and  Cardium  eduie)    4 

Mr.  W.  Baker,  of  Bridgwater,  made  a  collection  of  these  shells, 
of  which  a  list  will  be  found  on  p.  300  of  the  present  paper. 

The  limestone  promontory  of  Anchor  Head  Hill,  just  north  of 
Weston-super-Mare,  terminates  in  a  double  cliff — the  lower  one 
due  to  present  sea-action,  while  the  other,  which  stands  above  it 
and  a  few  feet  back,  is  of  the  date  of  the  liaised  Beach.  At  the 
foot  of  the  upper  cliff  were  the  remains  of  a  concreted  beach  about 
25  feet  above  the  present  shore.  But  it  has,  since  I  first  saw  it,  in 
great  part  been  quarried  away  in  making  new  roads  and  terraces. 
The  only  shells  1  obtained  were  TelUna  halthica^  Littorina  littorea, 
L.  rudis^  Patella  vulyata^  and  Trophon  (?). 

Mr.  £.  C.  H.  Day  ^  mentions  that  he  found  bones  and  teeth  of  a 
small  species  of  Horse,  and  one  tooth  of  I/yrena  spelcra  and  of 
Canis  vulpes  respectively,  in  the  concreted  Beach  ;  as  this  was  in  a 
block  that  had  fallen  down  on  the  present  shore,  it  may  be  doubtful 
whether  it  was  not  a  portion  of  the  Head,  which  is  also  partly 
concreted.     I  found  no  bones. 

At  Woodspring  Hill,  two  miles  north  of  Weston,  there  are  the 
remains  of  another  Beach,  20  to  30  feet  above  high-water,  in  which 
Tellina  halthicu,  Littorina  littorea,  L,  rudis.  Patella  vulgata,  Murex, 
Nassttf  Purpura,  Cardium,  and  Ostrea  have  been  found.' 


*  Geology  of  East  Somerset/  Mem.  Geol.  Survey  (1876),  p.  163. 

Geol.  Mag.  for  1866,  p.  115. 

W.  Sanders,  Rep.  Brit.  Assoc,  for  1840  (Glasgow  Meeting),  p.  102. 
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Fig.  10. — Section  at  Anchor  Head  Hilly  Weston-super-Mars, 


a 

"    r  ^- 


L 


feet 
a.  Angular  limestone-rubble  (Head)  mixed  with  red  clay  and 
sand  (this  is  oTerluin  by  2  feet  of  modem  talus  formed  of 

loose  limestone-fragments)  5  to  12 

h.  Sand — the  lower  2  feet  concreted  2  to  10 

e.  Old  Beach,  consisting  chiefly  of  rounded  pebbles  of  limestone, 
with  a  few  scattered  subangular  blocks  of  the  same,  and  a  few 

shells— the  whole  concreted  into  a  solid  mass  4 

e\  Present  Beach. 

L.  Carboniferous  Limestone. 

(18)  The  Lower  Se^jem, — No  traces  of  the  Beach  have  yet  beea 
discovered  on  the  coast  farther  northward,  unless  some  indications 
of  it  occur  at  Clevedon.  At  the  foot  of  the  hills  at  the  back  of  that 
place  there  is  a  large  accumulation  of  angular  debris  (Head). 

There  can  be  little  doubt  that  the  sea  of  the  Raised  Beach  period 
stretched  northward  up  the  Valley  of  the  Severn,  but  whether  it 
formed  a  deep  bay  or  estuary,  or  whether  at  that  time  it  was  pro- 
longed through  to  the  Irish  Channel,  forming  the  '  Severn  Straits ' 
of  Murchison,  seems  uncertain.  It  is  probable  that  the  marine  beds 
at  the  higher  levels  should  bo  referred  to  an  earlier  stage  of  the 
Glacial  period.  This  point,  however,  is  beyond  the  present  enquiry, 
and  one  on  which  Murchison 's  writings  should  be  consulted.^ 

To  the  south  of  Gloucester  no  marine  beds  have  been  described, 
but  the  fluviatile  and  mammaliferous  beds  of  the  Stroud  Valley 
form,  at  their  junction  with  the  Severn  Valley  at  Stonehouse,  a 
terrace  about  60  feet  above  the  level  of  the  Severn,  which  indicates 
possibly  the  near  level  of  the  adjacent  sea  or  estuary  at  the  Beach 
time.  Above  Gloucester,  there  are  two  instances  of  the  occurrence 
of  marine  beds  at  levels  approximating  to  that  of  the  Kaised 
Beaches.  The  Rev.  W.  S.  Symonds  has  recorded  the  occurrence  of 
worn  specimens  of  A^nomioy  TurriteUa^  and  Cyprina  in  the  railway- 
cutting  at  Upton,^  and  Mr.  W.  C.  Lucy  that  of  Purpura  lapillus 

*  *  The  Silurian  System/  pp.  533-557,  and  Tarioos  papers  in  Quart.  Joum. 
Geol.  Soc. 

»  *  The  Severn  Straits '  (1883),  p.  34.  These  may,  howeTer,  be  merely  shells 
washed  out  of  the  Boulder  Clay. 
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in  a  pit  near  the  workhouse/  at  a  level  higher  than  47  feet 
above  O.B.  The  other  locality  is  that  mentioned  by  Murcbieon  * 
at  Kempsey,  4  miles  S.  of  Worcester,  where  the  following  shells 
were  found  in  a  bed  of  sand  at  the  base  of  a  bed  of  gravel : — 


Anemia  ephippium, 
Cardium  tuberculatum, 
CypHna  ialafuiica. 
Ostrea  edulis. 
Tellina  balthica. 
Bucdnum  undatum, 
Jkntalium  entaU. 


Cyprwa  pedictUtis, 
Litiorina  Uttorea, 
Murex  eritmceus. 
Purpura  lapillm. 
Truchus  cinerarium. 
2\trritella  terebra. 


BuUa  and  Oliva  are  also  mentioned,  but  some  doubt  seems  to 
attach  to  these.  The  gravel  consists  of  debris  from  the  New  Red 
Sandstone  and  Silurian  rocks,  with  seams  of  sand  showing  faL»o 
bedding,  14  feet  thick.  No  shells  were  to  be  seen  at  the  time  of  my 
visit.  The  gravel  forms  a  low  terrace  above  the  Severn,  and  the 
shell-bed  may  have  been  about  50  to  60  feet  above  O.D.* 

The  fluviatile  beds  of  Cropthome,  described  by  Mr.  Hugh  Strick- 
land, and  those  of  DeiFord,  correspond  approximately  in  level  with 
the  above-named  marine  beds,  and,  like  the  fluviatile  deposit  of 
the  Stroud  Valley,  in  all  probability  represent,  as  Strickland  and 
Murchison  supposed,  the  river-drift  of  the  Avon  when  that  river 
debouched  into  the  adjacent  Severn  estuary. 

The  "  local  drift  **  of  Mr.  Strickland,  **  which  lies  at  the  foot  of 
the  Oolito  hills  of  Worcestershire,"  *  the  angular  debris  of  the  high- 
level  Valley  Drifts  of  the  Rev.  W.  S.  Symouds,  which  lies  on  the 
slopes  of  the  Malvorns,  on  the  other  side  of  the  Severn  Valley,*  and 
part  of  the  Oolitic  gravel  of  Mr.  Lucy,  *'  lying  near  and  flanking 
the  Cotteswold  range,"  including  some  beds  of  Oolitic  debris  near 
the  summit  of  the  Cotteswolds,^  are  probably  the  equivalents  of  the 
Rubble-drift  or  Head,  described  in  connexion  with  the  Raised 
Beaches. 

Passing  across  the  Severn,  we  find  little  to  record.  There  is  an 
appearance  of  a  line  of  old  cliffs,  a  short  distance  inland  between 
Newport  and  Cardifl*,  while  the  low-lying  district  between  the 
hills  and  the  coast  is  covered  by  a  shingle  which  may  represent  an 
old  shore,  but  all  this  re(]uire8  further  examination. 

(19)  Swansea  and  Oower, — A  remarkable  series  of  Caves  and 
Beaches  commences  on  the  coast,  where  the  Carboniferous  Lime- 
stone comes  down  to  the  shore  and  forms  the  fine  cliffs  which 

*  *  On  the  GraTelfl  of  the  SeTem,  Avon,  &c.*  Proc.  Cottesw.  Nat  Field  Club, 
Tol.  T.  p.  83,  a  paper  eontiuntng  much  information  on  the  drift-beds  of  Glou- 
cestersnire. 

»  '  The  Silurian  System,*  p.  533. 

^  Murohison  said  about  100  feet,  but,  judging  by  the  'Abstracts  of  Lerelling,' 
I  think  that  too  high. 

*  '  Geology  of  the  Vale  of  Evesham,'  Strickland's  Memoirs,  pt.  ii.  p.  103. 
«  'The  Severn  Straits,*  p.  31. 

«  Proc.  Cottesw.  Nat.  Field  Club,  toI.  v.  p.  77. 
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extend  to  the  westward  of  Swansea,  through  Gower  to  the  "Worm's 
Head. 

In  noticing  the  Gower  Caves,  our  object  will  be  to  show  the 
relation  between  them  and  the  Raised  Beaches  and  Head.  The 
Caves  themselves  were  admirably  described  by  Br.  Falconer.^ 

Between  the  Mumbles  and  the  Worm's  Head,  a  distance  of 
15  miles,  ten  ossiferous  Caves  are  known  to  exist,  besides  two 
which  have  been  destroyed  by  tlie  encroachment  of  the  sea.  These 
are  situated  in  the  face  of  precipitous  or  highly-sloping  cliffs,  and 
many  of  them  are  accessible  only  at  low  tide.  They  are  from  20 
to  40  feet  above  sea-level,  and  are  the  result  of  fissures  combined 
with  rain-  and  wave-action.  In  some  of  the  Caves  a  bed  of  marine 
sand,  of  which  Bacon  Hole  affords  a  good  example^  underlies  the 
bone-bed. 

According  to  Mr.  Benson,  the  deposits  in  that  cavern  consist 
of:— 

feet 

Earth  wi  th  recent  remains  of  Deer,  Fox,  &o.    1 

Stalagmite 1^ 

Limestone  breccia  with  bones  of  Bear,  Deer,  &c 2 

Stalafirraite  (irregular)  OJ? 

Bed  Ouve-earth  breccia  with  bones  of  Mammoth,  Bhino- 

oeros,  HjSBna,  Ac. 2 

Blackish  sand  with  Elephant  hones   1^ 

An  irregular  seam  of  stala^nnite Oi? 

Yellow  sand  with  Littorina  littorea  and  L.  rudis  in  all 
stages  of  growth,  and  a  few  individuals  of  Clausilia 

ni</rieam OJ? 

The  floor  is  of  solid  limestone. 

The  shelly  sand  is  about  20  feet  above  the  level  of  the  present 
beach.  At  the  entrance  to  this  Cave  there  is  a  massive  fragment  of 
Raised  Beach,  composed  of  large  well-rounded  pebbles  attached  to 
the  rocks  ;  and  Dr.  Falconer  states  that  the  Cave  opens  below>  but 
a  little  more  to  the  eastward  of  '^  an  enormous  accumulation  of 
cemented  angular  breccia." ' 

In  Minchin  Hole  Cave,  a  few  hundred  yards  to  the  west  of  the 
last,  the  Cave-deposits  consist  of  a  very  similar  series  of  beds,  with 
a  thicker  bed  of  shelly  sand  at  the  base,  and  at  about  the  same 
liieght  above  sea-level.  Shells  of  Uelia^  hispida  were  found  in  a 
dark  sand  with  the  bones,  lyipg  above  the  marine  bed.  Kear  the 
entrance,  the  ossiferous  Cave- earth  with  angular  fragments  of 
limestone  seemed  about  9  feet  thick  ;  the  layer  of  stalagmite  above 
this  was  covered  by  12  feet  of  rubble  limestone  (Head  ?). 

Traces  of  marine  sands  were  likewise  found  by  Col.  Wood  and 
Dr.  Falconer  under  the  Cave-deposits,  at  Bosco's  Den  and  Devil's 
Hole  Cave,  but  the  sections  are  iucomplete,  and  the  heights  above 

'  *  PalsBontological  Memoirs,*  vol.  ii.  pp.  498-535.  See  also  Buckland*s 
'  Reliquiae  Diluvianae.'  pp.  80-98 ;  Benson  s  *  Account  of  Bacon  Hole,'  Beport 
for  1852  of  the  Swansea  Lit.  &  So.  Society;  Dr.  W.  Taylor,  'Thp  Gower  and 
Doward  Bone  Caves,'  Trans.  Cardiff  Nat.  Hist  Soc.  vol.  viii.  (1876)  p.  79. 

'  '  Polwont.  Memoirs,'  toI.  ii.  p.  502. 


Digitized  by  VjOOQ IC 


290  PROF.  I,  PBE8TWICH  ON  THE  RAISED 

the  present  shore  are  not  given.  I  should  judge  them  to  be  from 
15  to  20  feet. 

Patches  also  of  the  concreted  sand,  and  pebbles  of  an  old  beach, 
are  attached  to  the  rocks  about  12  to  15  feet  above  the  present 
beach,  just  outside  Bosco's  Den,  Paviland  Cave,  and  Long  Hole 
Gave;  at  the  last-named  place  the  deposit  contained  Littorina 
littorea,  L.  rudit,  and  Purpura  lajpillus.  Allowing  for  the  slope 
outwards  from  the  interior  of  the  Caves,  where  Col.  Wood*s  sections 
were  taken,  this  corresponds  pretty  accurately  with  the  other  levels 
of  the  Eaised  Beach  on  this  coast,  which,  between  the  Mumbles  and 
Mewslade  Bay,  may  be  taken  at  from  12  to  20  feet  above  sea-level. 
The  rise  has  not  been  uniform. 

Not  only  does  this  marine  basement-bed  of  the  Cave-deposits 
correspond  with  the  Raised  Beach,  but  the  limestone-rubble  which 
overlies  the  Caves,  and  in  many  cases  has  overspread  them,  likewise 
corresponds  in  character  with  the  Head  of  the  South  Coast  Beaches. 
The  position  of  the  ossiferous  beds  in  the  Caves  is  therefore  inter- 
mediate between  the  Beach  and  the  Head.  AVhile,  however,  the 
Beach  has  been  in  most  places  worn  away  by  the  encroachment  of  the 
sea,  the  Head — being  at  a  higher  level — has  remained  attached  to 
the  face  of  the  cliff,  wherever  the  slope  has  been  sufficient  to  give  it 
support.  At  Bosco's  Ben,  the  rubble  fills  the  fissures  above  the  Cave, 
masks  the  entrance  to  it,  covers  the  liaised  Beach,  and  extends  20  to 
30  feet  seaward.  At  Raven's  Hole  and  Bacon  Hole  similar  conditions 
obtain.    Dr.  Falconer  remarked,  in  speaking  of  Bacon  Hole  and 

Fig.  11. — Diagram-section  of  a  Gower  Coast  Cave, 


'-y^Xy^ 


oa     1.1.      jTTff*- Vy^    X/ 

a.  Rubble-drift  or  Head,  made  up  of  angular  fragments  of  limestone 

and  pebbles  from  the  drift  capping  the  hill.     (This  should  be 
carried  rather  lower  down.) 

b.  Caye-deposits. 

c.  Raised  Beach. 

d.  Plateau  and  glacial  drift. 
1.  Carboniferous  Limestone. 

Crow  Hole,  that  this  "  breccia  corresponds  in  the  character  of  the 
materials  with  the  angular  brecciated  debris  which  overlies  the 
Raised  Beach  in  the  Mewslade  section  given  by  Mr.  Prestwich" 
(op.  cit  p.  518).  The  diagram,  fig.  11,  shows  the  position  of  these 
several  deposits  and  their  relation  to  the  Caves. 
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(20)  Mewslade  and  Bhos  Sili — These  Beaches  are  amongst  the 
finest  examples  in  the  country,  but  they  have  not  yet  been  described 
except  in  a  slight  notice  of  the  former  that  I  gave  to  Dr.  Falconer.^ 
The  Mewslade  Beach  extends  for  a  distance  of  nearly  half  a  mile 
along  the  coast,  and  exhibits  the  old  submerged  cliff,  the  Beach,  and 
the  Head  in  a  manner  analogous  to  the  Brighton  and  Sangatte 
sections  (see  PL  VII.  fig.  6). 

The  Beach,  which  maintains  a  thickness  of  from  2  to  4  feet 
throughout,  consists  of  well-rounded  pebbles,  chiefly  of  limestione, 
with  a  few  subangular  chalk-flints  in  a  matrix  of  sand  and  commi- 
nuted shells,  and  is  often  concreted.  Perfect  shells  are  scarce. 
The  common  species  are : — Littorina  Uttorea,  L,  rudis,  Patella 
vulgata^  Purpura  lapUluB^  Cardium  edule,  Tdlina  balihica,  and 
Cyprina  (?),  with  Balanus, 

The  red  sand  overlying  the  Beach  is  in  places  4  feet  thick,  but  is 
very  irregular.  The  Head,  which  consists  of  an  unstratified  mass 
of  angular  limestone-fragments  in  a  matrix  of  red  clay  and  sand, 
with  some  rolled  fragments  and  pebbles  of  grey  and  red  sandstone, 
quartz-grit,  white  quartz,  &c.,  is  27  feet  thick  at  the  eastern  end, 
becoming  gradually  thinner  westward.  The  rubble  is  flush  with 
the  top  of  the  submerged  cliff,  which  runs  a  short  distance  at  the 
back  of  the  Beach,  and  behind  it  the  limestone  rises  to  the  surface. 

Between  Mewslade  and  the  Worm's  Head  is  another  similar 
section,  but  of  less  height.  The  only  point  to  note  is  that  there  are 
some  large  rounded  blocks  of  limestone  in  the  Beach,  and  that  the 
rubble  is  composed  of  larger  fragments  than  at  Mewslade.  The 
shells  are  the  same. 

The  cliffs  on  the  southern  coast  of  Gower  range  east  and  west. 
At  their  western  extremity  they  are  only  separated  by  the  bold 
promontory  of  the  Worm's  Head  from  the  fine  bay  of  llhos  Sili,  which 
extends  from  south  to  north,  or  at  right  angles  to  Mewslade  Bayj 
for  a  distance  of  three  miles.  In  the  near  background  of  this  bay 
is  a  range  of  high  grassy  hills,  or  downs,  running  parallel  with  the 
shore,  from  which  they  are  separated  by  a  narrow  terrace,  not 
more  than  a  furlong  in  width,  sloping  from  the  base  of  the  hills 
and  ending  in  a  line  of  low  cliffs. 

The  hills  are  formed  of  Old  Red  Sandstone  with  a  thin  scattering 
of  Glacial  drift  spread  over  the  surface,  and  the  terrace  is  composed 
of  a  vast  mass  of  angular  rubble  or  Head  derived  from  these  rocks 
and  the  overlying  drift.  Under  this  Head  is  a  shell-bed  resting  on 
a  mass  of  rubble  of  Old  Red  Sandstone,  very  similar  in  appearance 
to  the  upper  bed,  and  beneath  which  the  Red  Sandstone  shows  in 
places. 

The  shell-bed  may  be  a  beach  or  a  shallow  sea-bed,  and  differs 
from  the  littoral  Beaches  we  have  been  examining.  The  whole 
group  has  at  first  sight  very  much  the  look  of  a  cliff  of  tlie 
Boulder  Clay  gravels.  At  the  Rhos  Sili  end  the  cliff  is  about  30  feet 
high,  the  Head  being  10  to  12  feet  thick,  the  shell-bed  2  to  4  feet, 
and  the  underlying  mass  of  red  rubblo  8  feet. 

1  'Pabeont.  Memoirs/  vol.  ii.  p.  536.        '  '   '  ' ' 
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The  lower  angalar  rabble,  whicb  looks  like  an  ordinary  talus, 
maintains  for  some  distance  a  thickness  of  from  8  to  12  feet,  but  at 
the  northern  end  of  the  Bay  it  suddenly  expands  in  the  shape  of  a 
boss  or  ridge  rising  to  the  top  of  the  cliff  aod  attaining  a  thickness 
of  about  60  feet,  while  the  shell-bed  on  both  sides  thins  out  against 
it  (see  PI.  VII.  fig.  7). 

The  lower  rubble  there  contains  some  large  worn  blocks  of  a  quartz 
conglomerate,  and  the  shell-bed,  which  has  swelled  out  to  a  thick- 
ness of  20  to  25  feet,  consists  of  large  pebbles  of  limestone,  red  sand- 
stone of  local  origin,  with  others  of  porphyry,  jasper.  Coal  Measure 
rocks,  conglomerates,  &c.^  derived  firom  the  adjacent  Boulder  Clay 
Series,  in  a  matrix  of  greyish  sand.  The  only  shells  I  found  in  this 
bed  on  my  two  visits  were — Mt/a  (in  fragments),  Turritdla  terebra, 
Nassa  reticulata,  and  N.  inerassata  (?).  They  are  numerous  in 
places  and  in  a  good  state  of  preservation. 

The  red  rubble  which  overlies  the  shingle  is  from  10  to  30  feet 
thick,  and  is  spread  out  in  great  sheets  or  lenticular  masses,  alter- 
nately tine  and  coarse,  but  without  regular  stratification.  I  saw 
no  fossils  either  in  the  upper  or  lower  bed  of  rubble. 

The  points  in  which  this  shell-bed  and  overlying  rubble  resemble, 
and  those  in  which  they  differ  from,  the  Beaches  on  the  southern  coast 
of  Oower  are  so  evenly  balanced  that  it  is  difficult  to  say  whether 
the  Beaches  are  synchronous  or  not.  Their  close  proximity,  sepa- 
rated only  by  the  ridge  of  the  Worm's  Head  promontory,  ^  mile 
wide,  combined  with  the  facts  that  they  are  on  the  same  level,  and 
are  both  covered  by  a  like  local  Head,  leads  to  the  presumption  of 
their  synchronism.  But  the  shells  are  different.  None  of  the 
ordinary  Eaised  Beach  species  occur  in  the  Rhos  Sili  shingle, 
whereas  TurriteUa  terebra  and  Nawa  reticulata  are  amongst  the 
most  common  shells  of  the  Boulder  Clay  Series,  but  very  rare  in 
the  Beaches. 

Either  the  beds  are  synchronous,  the  difference  in  their  fauna 
being  due  to  the  circumstance  that  the  one  lived  on  exposed 
rocky  coasts  and  the  other  off  the  shore  in  a  sheltered  bay ;  or  the 
shingle-bed  of  Khos  Sili  belongs  to  the  Boulder  Clay  Series,  and  is 
older  than  the  Raised  Beaches.  The  presence  alone  of  old-rock 
pebbles  in  the  shingle  is  not  decisive,  for  they  may  have  come  from 
the  Glacial  gravels,  which  are  spread  over  the  adjacent  dis- 
trict. Nor  is  the  presence  of  boulders  conclusive,  for  transported 
boulders  occur  in  both,  although  they  are  rare  in  the  Beaches  of  the 
Bristol  Channel. 

On  the  whole,  I  am  disposed  to  think  that,  though  the  lower 
rubble-bed  may  be  Glacial — ^possibly  an  old  talus  carried  down  from 
the  adjacent  high  range  of  Old  Bed  Sandstone, — ^the  overlying 
shell-bed  is  synchronous  with  the  Beaches  of  the  C^ower  coast.  At 
the  same  time  this  shell-bed,  especially  where  most  largely  deve- 
loped, is  so  singularly  like  many  of  the  ordinary  sections  of  the 
shelly  shingle-beds  of  the  Boulder  Clay  that  it  is  impossible  to  avoid 
the  suggestion  that  in  these  sections  we  may  have  an  instance  of 
the  synchronism  of  the  Raised  Beaches  of  the  south  with  the  later 
Glacial  beds  of  the  more  northerly  counties. 


Digitized  by  VjOOQ IC 


BEACHSS^  ETC.,  OF  THE  SOUTH  OF  ENQLAHD.  293 

(21  ">  Pemhroheshire. — At  Tenby  a  much  obscured  Raised  Beach 
and  Head,  about  12  feet  above  sea-level,  underlie  the  esplanade. 
They  are  better  seen  at  Penally  Head.  The  so-called  Bone-Oaves 
of  Caldy  Island,  described  by  the  Eev.  G.  N.  Smith,^  will  be  treated 
of  later  {po9t^^  p.  320).  The  Hoyle  Cave,  which  is  also  near 
Tenby,  is  a  true  cave,  but  some  distance  inland.  When  I  saw  it 
the  ground  had  been  much  disturbed,  and  x)art  of  the  roof  having 
fallen  in,  the  order  of  superposition  was  rendered  very  obscure.  It 
appeared  to  me  that  the  Cave  had  been  occupied  by  Man  after 
Pleistocene  times.  I  found  onlv  Neolithic  flints  or  fli^os.  I  must 
refer,  however,  to  the  Rev.  H.  H.  Winwood's  account,^  as  he  visited 
it  at  an  earlier  date  and  when  it  was  more  entire. 

Thence  to  Pembroke  there  are  no  Beaches,  though  in  Hanorbeer 
Bay  there  are  rolled  fragments  of  conglomerate,  the  remnants  of  a 
destroyed  Beach.  I  am  unacquainted  with  the  coast  between  Mil- 
ford  Haven  and  St.  Bride's  Bay,  but  I  am  not  aware  that  any  Raised 
Beaches  have  there  been  recorded.  At  a  short  distance  west  of 
Forth  Claus  Harbour,  and  2  miles  south  of  St.  David's,  occur  a  some- 
what obscured  Head  and  Beach,  but  without  shells.  They  rest  on 
the  upturned  edges  of  the  Cambrian  rocks,  and  fronting  the  present 
cliff,  as  shown  below  : — 

Fig.  12. — Raised  Beach^  west  of  Forth  Claus  Harbour. 


a.  Head,  consisting  chiefly  of  angular  fragments  of  purple  sand- 
stone (Cambrian)  in  alight  brown  loaiu  8  ft.  (?) 

c.  Beach,  oonsistinff  of  subangular  fragments  of  Cambrian  and  pre- 
Cambrian  rocks,  granite,  veinstone,  porphjrr,  white  quarts- 
pebbles,  and  a  few  chalk-flints— no  shells.  The  divisional  line 
between  a  and  1  is  not  clear   5  ft.  (?) 

1.  Cambrian  rocks. 

Another  better-marked  Beach,  8  feet  thick,  and  covered  by  15  feet 
of  Head,  was  pointed  out  to  me  by  Dr.  H.  Hicks,  at  the  base  of 
the  hills  half  a  mile  W.  of  Porth  Claus  Harbour. 

The  last  Beach  I  had  occasion  to  notice  on  this  coast  was  in 
"Whitesand  Bay,  2J  miles  N.W.  of  St.  David's,  whore  the  remains 
of  it,  though  extremely  fragmentary,  are  of  considerable  interest. 

>  Bep.  Brit.  Assoc,  for  1860  (Oxford  Meeting),  p.  101. 

>  Geul.  Mag.  for  1865,  p.  471. 
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At  the  northern  end  of  the  Bay,  a  remnant  of  Boulder  Clay  with 
some  large  blocks  rests  on  a  striated  surface  of  the  Cambrian  rocks. 
This  is  in  places  immediately  overlain  by  a  local  Head  of  angular 
rock-fragments  and  Boulder  Clay  debris.  A  little  to  the  south  of 
this  an  irregular  Head  rests  on  15  to  20  feet  of  Blown  Sands.  At 
the  southern  end  of  the  Bay  there  are  several  imperfect  sections, 
one  of  which  shows  traces  of  a  Beach  consisting  of  large  rounded 
blocks  and  a  few  pebbles,  resting  on  a  ledge  of  nearly  vertical  strata 
8  feet  above  the  present  beach.  Again,  at  a  short  distance  from  this, 
a  Head,  15  feet  thick,  extends  over  and  beyond  some  Blown  Sands. 
In  another  small  section  traces  of  a  Beach  also  appear  at  the  base 
of  these  sands.  Putting  these  sections  together,  I  imagine  that  the 
following  diagram  would  represent  the  original  order  of  succes- 


Fig.  13. — Di^fram  representing  a  restored  section  of  the  cliff 
at  the  soutJiern  end  of  Whitesarvd  Bay. 


y- 


a.  Head  of  angular  fragments  of  the  local  rocks,  including 
some  large  blocks  of  granite  derived  from  the  Boulder 
Clay 15  ft. 

h.  Light-coloured  sands,  with  small  angular  and  subangular 

fragments  of  slate 0  to  20  ft. 

c.  Beach,  mainly  represented  by  large  worn  and  rounded  blocks 
of  various  rocks,  probably  in  part  derived  from  the  adja- 
cent Boulder  Clay  beds. 

1.  Lower  Cambrian  rocks. 

There  seemed  to  me  to  be  a  close  connexion  between  the  incline 
of  the  Head  and  the  curvature  of  the  edges  of  the  fissile  rocks  over 
which  it  passed,  but  on  this  point  I  could  not  feel  quite  sure.  The 
recent  blown  sands  or  dunes  which  occupy  the  shore  in  the  centre 
of  the  Bay  are,  no  doubt,  like  those  at  Croyde  in  Barnstaple  Bay, 
largely  reconstructed  from  the  old  dunes. 

At  the  northern  end  of  Abereidy  Bay  a  Head  forms  a  terrace  15 
to  20  feet  high,  and  at  Dinas  Bay  there  seems  to  have  been  an  old 
strait  of  the  Eaised  Beach  period.  Beyond  this,  my  visit  to  the 
Welsh  coast  had  not  the  present  special  object  in  view,  but  I  am 
not  aware  that  any  liaised  Beaches  exist  along  that  part  of  the 
coast. 
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§3.  Qaienr  of  thb  Foreign  Bovldebs  in  the  Bai8E]>  Beaches. 

It  was  at  first  supposed  that  the  eastward  set  of  the  tide  and 
wind  had,  in  former  times  as  now,  carried  the  shingle  from  the 
older  rocks  of  Devon  and  Cornwall  towards  the  Sussex  coast,  and 
that  the  houlders  of  crystalline  and  FalsBOzoic  rocks  found  on  this 
coast  had  come  from  that  source. 

God  win- Austen,  however,  pointed  out  that  there  wer^  objections 
to  this  conclusion,  and  considered  that  the  presence  of  chalk-flints 
in  the  Eaised  Beaches  of  Devon  indicated  that  the  marginal  move- 
ment of  the  materials  was  from  east  to  west,  or  the  reverse  of  what 
takes  place  at  present.^  At  the  same  time  he  held  that  the  targe 
old-rock  boulders  must  have  been  carried  by  ice  independently  of 
the  coast-line,  and  could  not  be  referred  to  any  rocks  on  the  English 
coast.  He  believed  that  many  of  them  might  be  compared  With  a 
series  from  the  rocks  composing  the  Cotentin,  the  Channel  Islands, 
or  Britanny,  the  agreement  in  many  cases  being  close  and  striking. 
There  were,  however,  instances  in  which  the  boulders  could  not  be 
referred  to  any  of  the  French  rocks,  and  this  led  him  to  suggest 
that  an  old  coast-line,  composed  partly  of  Palaeozoic  and  ctystidline 
rocks,  extended  across  the  area  of  the  English  Channel  between 
Normandy  and  Sussex  before  the  opening  of  thd  Straits  of  Dover,* 
and  that  it  was  from  rocks  on  that  ancient  coast-line,  brought  up  by 
the  east-and-west  anticlinal  axis  passing  south  of  the  Isle  of  Wight, 
that  the  Sudsex  botdders  were  derived.  He  instanced  as  evidence  of 
their  existence  in  the  Channel  the  fact  that  in  depths  of  45  to  50 
fathoms  he  bad  there  found  pebbles  of  granite  and  of  Silurian 
rocks,  and  he  inferred  these  pebbles  to  have  belonged  to  rock-masses 
composing  the  ancient  coast.* 

Mr.  Codrington  thought  that  the  foreign-rock  boulders  of  the 
Hampshire  and  Sussex  coasts  were  derived  from  rocks  on  the  French 
side  of  the  Channel.^  Sir  Charles  Lyell,  speaking  of  the  Pagham 
boulders,  observed  that  they  are  not  of  northern  origin,  but  must 
have  been  drifted  by  coast-ice  from  the  coast  of  Normandy  or 
Britanny,  or  from  land  which  may  once  have  existed  to  the  south- 
west, in  what  is  now  the  English  Channel,  at  a  period  when  the 
cold  must  have  been  at  its  height.^ 

There  is,  however,  no  reason  to  believe  that  the  Straits  of 
Dover  were  closed  at  the  time  of  the  Raised  Beaches,  as,  besides 
the  old  Beach  at  Sangatte,  the  marine  bed  at  the  base  of  the 
Talley-deposits  in  the  old  estuary  of  the  Somme  is,  no  doubt, 
synchronous  with  the  Beaches  in  the  open,  thus  establishing  au 
almost  continuous  coast-line  on  that  side  of  the  Straits.     On  our 

»  Quart.  Journ.  G«ol.  Soc.  toI.  ri.  (1850)  p.  88. 

*  im.  Tol.  xiii.  (1867)  p  69. 
>  iftuf.  pp.  61  &  71. 

*  Ibid.  ^ol.  xxri.  (1870)  p.  636. 

*  •  The  Antiquity  of  Man/  4th  ed.  p.  330. 

Q.J.G.S.  No.  190.  X 
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side  of  the  Channel  I  have  shovm  that  the  Brighton  Beach  extends 
to  Eastbourne,  and  there  is  reason  to  believe  that  it  was  not  far  in 
advance  of  the  present  coast-line  at  Folkestone  aod  Dover,  while 
traces  of  a  contemporaneous  (but  not  marine)  deposit  at  the  same 
level  exist  near  the  Isle  of  Thanet.  The  only  indication  of  a  sub- 
merged land  in  the  Channel  is  that  afforded  hj  the  Yame  and  Ridge 
shoals,  which  at  low  water  are  covered  to  the  depth  of  only  2 
fathoms,  but  these  banks  consist  of  Portland  and  Purbeck  strata, 
and  no  PalaBozoio  rocks  were  found  there  by  M.  de  Gamond, 
nor  do  any  exist  on  the  French  coast  opposite.  These  shoals 
may  represent  a  small  island  with  deep  water  on  either  side,  but 
not  a  barrier  across  the  Channel.  That  the  Straits  were  open,  and  a 
drift  from  the  northward  then  existed,  is  on  the  other  hand  indicated, 
not  only  by  the  presence  of  granite-pebbles  in  the  Sangatte  B^ised 
Beach,  but  also  by  a  circumstance  mentioned  by  Capt.  T.  B.  Martin, 
formerly  Harbour-Master  at  Bamsgate,  who  says  that  the  fishermen 
employed  there  in  trawling  are  ''  occasionally  impeded  by  masses 
of  granite,  serpentine,  sandstone,  slate,  and  various  other  stones, 
which  are  scattered  indiscriminately  over  the  bed  of  the  ocean."  ^ 
The  granite.  Palaeozoic,  and  other  pebbles  which  were  found  by 
Godwin-Austen  in  the  Channel  between  the  Calvados  and  Sussex 
coasts  may,  as  well  as  these  off  Bamsgate,  therefore  be  due  to  an 
ice-bearing  current  from  the  North  Sea,  and  this  is  confirmed  by 
various  other  facts. 

The  ice-floes  and  bergs,  with  their  detrital  loads,  would  as  a  rale 
keep  in  deep  water  at  a  distance  from  the  shore,  unless  other  con- 
ditions, as  those  on  the  coast  of  West  Sussex,  favoured  their  nearer 
approach.  The  great  bay  which  there  extended  at  the  time  of  the 
Baised  Beach  from  Waterbeach,  near  Chichester,  to  Bembridge,  with 
a  width  of  about  15  miles  and  a  depth,  from  Pagham  to  Portsea,  of 
10  miles,  presented  such  conditions ;  for,  taking  the  level  of  the  old 
beach  near  Chichester  at  about  100  feet,  and  at  Bembridge  at  30 
feet,  the  water  over  the  Pagham  and  adjoining  flats  must  have  been 
from  50  to  80  feet  deep.  In  this  gulf  ice-floes  from  the  eastward 
would  become  embayed  and  stranded,  and  there  no  doubt  they 
dropped  the  blocks  of  granite  and  other  rocks  now  found  scattered 
over  all  that  area. 

One  circumstance  which  for  a  time  seemed  to  offer  an  insurmount- 
able objection  to  a  drift  from  this  direction  was  the  presence,  with 
the  foreign-rock  boulders  at  Hayling  Island  and  Bracklesham,  of 
pieces  of  silicified  wood  identical  with  the  fossil  wood  of  Portland. 
For  this  wood,  which  is  of  a  marked  character,  is  peculiar  to  that  part 
of  our  coast ;  and  it  might  have  been  concluded  that  the  drift  had 
been  from  Portland  westward,  and  not  from  the  eastward  and  north- 
ward, had  not  another  explanation  suggested  itself.  I  had  seen 
similar  wood  in  the  Boulonnais,  though  not  on  the  coast ;  but  in 
Dr.  Fitton's  description  of  that  district  I  And  the  following  remark : — 
'^  The  line  of  the  cliffs  from  Equihen  on  the  south  of  Boulogne  to 
Cape  Grisnez  on  the  north  of  that  place  is  capped  at  intervals  with  a 
^  TrooB.  Gbol.  Soo.  2nd  aer,  toI.  tL  (1841)  p.  161. 
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thin  crust  of  the  Farbeck  strata,  resting  upon  those  of  Portland,  and 
oonsisting  of  slaty  beds  of  limestone  which  contain  freshwater  shells, 
and  include  a  bed  of  tough  dark-coloured  clay  in  which  are  nume- 
rous fragments  of  aUiciJled  coniferous  trunks  not  distinguishable  from 
those  of  the  Isle  of  FortlandJ'  ^  The  Sussex  fragments  may  therefore 
have  been  derived  from  the  Boulogne  coast,  or  from  the  island  which 
then  probably  existed  on  the  site  of  the  Yame  and  Ridge  shoals. 

Between  this  and  the  western  portion  of  the  Channel  no  special 
examination  of  the  sea-bed  for  erratic  blocks  has  been  made.  We 
only  know  that  it  is  strewn  over  in  places  with  banks  of  flint 
shingle.  Mr.  A.  B.  Hunt  has,  however,  by  the  use  of  a  trawl, 
recently  collected  a  considerable  number  of  foreign  blocks  from 
the  Salcombe  flshing-grounds,^  some  20  to  30  miles  off  the  coast 
of  Devonshire.  He  informs  me  that  they  were  found  over-  an 
area  extending  from  east  to  west  for  a  distance  of  62  miles,  and 
from  north  to  south  for  a  distance  of  20  miles.  The  blocks  varied 
from  I  cwt.  to  16  cwt.  in  weight,  and  some  of  them  measured  2  to 
3^  feet  in  length. 

The  40  blocks  described  by  Mr.  Hunt  consist  of  the  following 
rocks: — 


Fine-grained  srej  Granite. 

Coarse-grained  pinkish  Granite. 

Homblendio  Granite. 

Miorogranulite. 

Syenite  (dark  green). 

Serpentine. 

Ghibbro  (mottled  purplish  green). 

Diabase  (dark  green). 

Diorite. 

Basalt. 


Trachyte. 
Archsnin  Gneiss. 
A  Metamorphic  Bock. 
Quarts  Grit. 
Conglomerate  Grit. 
Beddish-brown  Sandstone. 
Sandstone  (Neocomian  ?). 
Chalk-flints  in  considerable  number, 
and  unrolled, — many  of  large  size. 


Several  of  the  blocks  were  much  rounded,  while  others  were 
subangular,  the  igneous  rocks  being  often  a  good  deal  altered. 

Mr.  Hunt  dismisses  the  hypothesis  of  adjacent  land-ice,  owing 
to  the  absence  of  similar  blocks  between  Dartmoor  and  the  sea, 
and  concludes  that  they  were  brought  there  by  floating  ice.  But 
whence?  Mr.  E.  B.  Tawney,  who  examined  the  blocks  microsco- 
pically to  see  whether  they  could  be  referred  to  either  side  of  the 
Channel,  remarks  of  the  granites  that  he  knew  of  no  locality  in 
Britain  from  which  they  could  be  derived,  and  that  in  all  the  spe- 
cimens there  was  an  absence  of  schorl,  which  is  so  abundant  in  some 
of  the  Dartmoor  granites.  The  serpentine  he  pronounced  to  be 
precisely  like  some  of  the  Cornish  varieties.  Again,  in  com- 
paring them  with  specimens  of  the  Channel  Island  rocks,  he  could 
not  find  any  of  the  characteristic  Guernsey  rocks  among  those 
dredged. 

Prof.  Bonney  found  only  a  general  resemblance  in  some  of  the 
granites  (block  No.  35  of  Mr.  Hunt)  and  in  the  diabase  (No.  37) 

1  Trans.  Geol.  Soc  2nd  ser.  yoI.  ir.  (1836)  p.  326.    The  italics  are  mine. 
*  '  On  the  Submarine  Geology  of  the  English  Channel  off  the  ooast  of  South 
Devon,'  Trans.  Devon  Assoo.  1880, 1881,  1883,  &  1885. 
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trith  those  that  occur  in  Cornwall;  aoother  8{tooiiDen  (No.  88) 
had  a  certain  resemblanee  to  some  of  the  gabbros  from  Guernsey ; 
while  one  specimen  (No.  28)  **'  had  the  aspect  of  4  very  andent 
ArchflBan  gneiss  "  resembling  the  Hebhdean  gneiss  of  Scotland. 

It  would  appear  therefore  that  none  of  the  boulders  of  igneous 
and  crystalline  rocks  can  be  referred  with  certainty  to  any  of  the 
rocks  on  the  English  or  French  coasts,  with  the  exception  possibly 
of  the  serpentine,  which  is  not  a  very  eharacteristie  rock.  Mr. 
Hunt  thinks  that  a  few  specimens  may  be  derived  from  the  Eddystone 
and  Shovel  rocks,  and  frotn  Tfiassie  strata  at  the  sear-bottom ;  but 
this  seems  uncertain,  especially  with  reference  to  the  Bed  Sandstone 
which  was  found  20  miles  sointh  of-Ihe  l^ystone,  and  far  from  the 
main  body  of  Triassic  strata. 

We  must  consequently  look  to  other  areas  for  the  origin  of  the 
blocks  found  ofiE  the  Devonshire  coast.  The  presenoo  of  lai^e  un- 
rolled chalk-flintd,  and  of  the  block  (No.  23)  described  by  Mr.  H«it 
as  having  ^*  all  the  appearance  of  Neoeomian  sandstone,"  together 
with  the  close  analogy  of  the  Salcombe  group  of  boulders  with  those 
of  Hayling  Island  and  Pagham,  points  to  their  having,  like  these 
others,  come  from  the  eastward. 

Upon  the  whole,  it  seems  to  me  most  probable  that  this  im- 
portant group  of  foreign  boulders  is  derived  from  the  crystalline, 
metamorphic,  and  Palieozoio  rocks  of  Norway,  though  some  of 
them,  together  with  the  boulders  of  igneous  rocks,  may  have  come 
down  the  Bhin^  and  Elbe  from  Central  Germany,  or  from  the 
Ardennes  by  way  of  the  Meuse.  Beneath  the  alluvial  beds  of 
Holland  there  are  sands  and  gravels  with  boulders  which  in  all 
probability  had  that  source  of  origin.  The  reddish  sandstone- 
blocks  so  common  in  Hayling  Island,  and  now  recorded  by  Mr. 
Hunt  off  the  Devonshire  coast,  may  have  ccmie  from  the  shores  of 
Denmark,  North  Germany,  or  Heligoland.  But  further  investigation 
and  a  comparison  with  the  rocks  of  those  countries — ^whioh  I  am 
unable  now  to  undertake — are  necessary. 

In  any  case  the  evidence,  so  far  as  it  goes,  accords  best  with  the 
supposition  that  the  blocks  were  carried  on  ice-floes  and  bergs  from 
the  North  Sea  westward,  through  the  Straits  of  Dover  and  down  the 
English  Channel,  dropping  their  larger  blocks  in  mid-channel  or  in 
the  deep  water  of  bays.  It  yet  remains  to  be  seen  how  much 
farther  westward  they  may  have  passed. 

§  4.  The  Moixvsca  o^  the  B^isfin  Balcees. 

As  a  rule  the  shells  are  limited  to  very  few  Species,  and  oonsist 
of  the  most  common  littoral  forms  of  our  present  coasts.  In  many 
places  none  are  found,  and  it  is  only  at  Portland,  the  Thatcher  Rock, 
Barnstaple  Bay,  and  Chilton  Trinity,  near  Bridgwater,  that  they 
occur  in  any  numbers. 

But  although  the  species  were  few,  it  is  evident  that  the  indivi- 
doals  were  often  numerous,  for  shell-sand  and  finely  oomminuted 
shells  form  in  places  a  large  proportion  of  the  matrix  m  which 
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the  shells  and  pebbles  are  embeddecL  At  Portland  I  ionad  24 
speciee/  and  to  these  Mr.  A.  Bell  has  sinoe  added  3  othens,  making 
a  total  of  27  species.  The  richest  Locality  is,  iLosre^er,  the  Thttfccher 
Bock,  Torbay,  where  Mr.  A.  R,  Hunt  has  made  a  collection  of  as 
many  as  43  species.^  There  were  24  specimens  in  the  collection 
from  Chilton  Trinity  formed  by  the  late  Mr.  W.  Baker,  of  Bridgwater, 
whose  names  in  the  following  list  are  altered  in  accordance  with 
reoent  synonyms.     The  collection  is,  I  believe,  lost. 

All  the  Portland  shells  are  of  littoral  species,  and  almost  all  such 
as  are  now  living  in  the  British  area.  Gwyn  Jeffi-eys  remaiked 
of  them: — "The  shells  are  rather  northern  fiian  southern;  but  I 
have  not  detected  any  peculiarly  Arctic  species,  and  certainly  none 
of  a  Mediterranean  or  Lusitanian  type.  All  the  species  inhabit  the 
British  coasts  4^m  Shetland  to  Yorkshire,  except  one,  which  I 
consider  undescribed,  and  propose  to  n&me  MUsoa  subcylindrata, 

Another  species    (Troehue  heUeinus)  has  not,   so  far 

as  I  am  aware,  been  found  south  of  Yorkshire  and  Dublin  Bay. 
The  most  northern  known  locality  for  another  species  {Trochus 
umbUieatus)  is  Stornoway  in  the  Outer  Hebrides;  and  it  occurs 
in  a  raised  beach  at  Portrush."  ^ 

The  shells  at  the  Thatcher  Eock  indicate,  according  to  Mr.  Hunt, 
a  greater  range  of  depth,  as  well  as  a  greater  variety  of  sea-bottom. 
He  considers  that  many  must  have  cpme  from  depths  of  10  to  20 
fathoms,  and  that  while  a  large  number  are  of  species  inhabiting 
rocky  coasts,  there  are  others  which  now  live  only  in  sandy  bays. 
These  shells  are  also,  like  those  at  Portland,  of  northern  rather  than 
southern  species. 

The  Gyamium  minutum  is  now  rare  in  the  South  of  England,  but 
common  on  the  coasts  of  Scotland  and  Greenland  ;  the  Nueula 
nttcleuSy  Tdlina  baltkica,  Lacuna  ptUeoltts^  Littorina  rudis,  Fusua 
gracilis,  Pleurotoma  iurriaila,  Purpura  lapiUus^  and  TropJwn 
truncatum  are  also  essentially  northern  species,  but  it  is  rather  the 
absence  of  southern  forms  than  the  presence  of  distinctly  Arctic 
forms  that  denotes  colder  waters — though  there  afe  no  indieations 
of  any  extreme  cold.  It  is  a  molluscan  fauna  such  as  might  now 
exist  on  the  shores  of  the  North  of  Scotland  or  of  Norway,  as  well 
as  on  the  South  Coast  of  England,  but  not  south  of  the  English 
GhanneL 

Although  the  number  of  species  is  limited^  it  must  be  remembered 
that  we  are  dealing  with  a  littoral  fauna,  and  that  we  are  ignorant 
of  the  deep-water  fauna  of  the  Channel  at  that  period.  At  the 
present  day,  according  to  Mr.  Damon,  the  number  of  species  living 
at  all  depths  in  the  sea  around  Portland  is  not  less  than  281. 

The  total  number  of  the  Baised  Beach  shells  amounts  to  64 
species,  forming  a  not  inconsiderable  proportion  of  the  existing 
littoral  fauna. 

The  Portland  shells  and  the  greater  part  of  the  Barnstaple  Bay 

^  Quart  Joum.  Geol.  See  vol  xxzi.  (1875)  p.  S3. 

^  Tnns.  Devon  Amoo.  toL  xz.  (1888)  p.  225. 

^  Quart  Joum.  Qeol.  Boo.  vol.  mi  (1875)  p.  52. 
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shells  were  determined  by  Gwyn  Jefireys.  Those  of  the  Thatcher 
Eock  were  identified  for  Mr.  Hunt  by  Dr.  Jeffi-eys  or  by  Mr.  D. 
Pidgeon  and  Mr.  J.  T.  Marshall. 


List  of  the  Mollvsca  of  the  Bobed  Beaches 

• 

Portland 
Jeffreys). 

Hunt). 

Bridg- 
water (  W. 
Baker). 

Banistaple 
Bar  (A 
Jefl^). 

1.  BlTALVBS. 

Area  lactea,  L. 

* 

« 
♦ 

» 
» 

« 
» 

# 

« 

* 

* 

* 

« 
* 

* 

* 
» 

» 
* 

» 

» 

« 
♦ 

« 
* 

« 

* 
... 

» 
* 

* 
* 

* 
* 

« 
* 

• 

•a. 
... 

Astarte  mUcata,  Da  Coeta... 
Cardium  edule,  L 

—  echinaium,  L 

—  papillotufiij  Poli  

Cytherea  chione,  F.  &H.^.. 

Cyprina  islandica,  L 

C^amium  mimiium,  Fabr.  . 
JjiUraria  elliptica,  TAni.  ... 
Mactra  mhiruncata.  Da  0. . 
Mya  {trenariOf  L 

MvtUus  edulis,  L. 

modiolu8,JJ 

Nucufa  fiucleuStJj 

Osifta  edulis,  Jj.    

Pecten  ifariuSf  L.  

Pinna  rudisy  L 

SoUn  vagina,  L 

Tellina  baUhica,  L 

Ventu  exoleta,  L 

fasciaia.  Da  Costa  ... 

Saxieavaruffosa,  Lam 

Ceraiisolen  Ugumen  (?),  L. . 

2.  Uniyalvbs. 
AdeorbiB  mibearinaiusMont, 

Cerithium  reiiculatumJ)tLC. 
Cylichna  cylindracea,  Penn. 

Lacuna  ptUeolus,  Turt 

LUtorina  littorea,  L 

obiuMUa,Jj 

Fusua gracilis.  Da  Costa  ... 

^  These  are  ffiven  on  the  authority  of  Mr.  A.  BelL 
^  Found  at  New  Quay. 
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Tablb  (cojitinued). 


Portland 

(Gwyn 

Jeffreys). 

Torquay 
(A.B. 
Hunt). 

Bridg- 
water fW. 
Baker). 

Barnstaple 
JelLys). 

Uhivalvss  (continued). 

yinaa  reticulata,  Flem 

incrasaata,WSilL  

Naiiea  Alderi,  FoTheB  

brachystoma^'Phil.   ... 

Purpura lapiUuSt  L 

* 
» 
* 

* 
« 

* 

* 
« 
» 
* 
* 

* 
* 

« 
* 

.•a 

* 
* 

V? 

* 
* 

* 

* 

* 
* 

* 

# 

•  •• 

« 
* 

Bieaoa pan/a,  Da  Goeta   ... 
striate,  Phil 

Scalaria  TuHona,  Turt  ... 
8keneaplan(^h%8,¥abT,  ... 
Tectura  virginea,  Miill.    ... 

Troekus  zigyphinua,  L. 

lineatus,  De  Blainr. . . . 

umbiUcatuaj  L. 

IVophan  truncaium,  Strom. 

TurriteOaterebra,  Jj 

Utricuku  truncatulus,  Brug. 

3.  Othbb  Forms. 
Serpula 

£ataimt8  crenatus 

MUiola  eeminulum    

Cuthere.SD 

Of  the  total  of  64  species,  only  39  are  common  to  the  Glacial 
drifts  of  the  North  of  England  and  Wales.  Of  these,  27  are  found 
at  Moel  Tryfaen,  31  in  the  lower  Macclesfield  heds,  and  28  in  the 
Upper  Boulder  Clay  of  Newton. 

The  total  number  of  species  of  the  Glacial  drifts  in  the  districts 
above-named  amounts^  according  to  the  lists  of  Mr.  De  Ranee  ^  and 
Mr.  W.  Shone,'  to  98.  Allowing  for  the  circumstance  that  in  the 
one  case  the  shells  are  almost  entirely  those  of  the  littoral  zone, 
whilst  in  the  other  we  have  the  product  of  various  zones  of  depth 
(still  the  littoral  zone  is  represented  in  the  Glacial  Series),  it  is 
obvious  that  a  marked  difference  in  the  temperature  of  the  seas  is 
indicated  by  the  difference  in  the  mollusca.  There  is  the  absence 
also  in  the  Kaised  Beaches  of  such  northern  shells  as  Astarte 
borealis^  Leda  pernula^  Fiwus    islandicus,  Natica  grcenlandica^  and 

^  '  The  Superficial  Geology  of  Lanoashire/  Mem.  Geol.  Snnrey  (1877),  p.  128. 
^  'On  the  Glacial  Deposits  of  West  Cheshire/  Quart.  Journ.  Geol.  Soc. 
ToL  xzxiT.  (1878)  p.  394. 
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others  common  in  the  Glaoial  drifts.  The  Eaised  Beach  moUnsca 
agree  therefore  pretty  closely  with  the  mollnscan  fauna  now  living 
in  the  British  seae,  and  this  accords  with  the  stratigraphical  eyi- 
dence  which  leads  ns  to  j^oe  the  Beaches  with  the  latest  of  the 
Eiyer-valley  Deposits  as  described  in  the  next  section  of  this  paper. 


§  5.  The  Belatiok  of  the  Raised  Beaches  to  the 
Valley  Dbipts. 

The  evidence  on  this  point,  though  not  so  definite  as  could  be 
wished,  is  still  sufficient  to  prove  with  tolerable  certainty  that  tihe 
Beaches  are  contemporary  with  the  lowest  and  therefore  the  newest 
of  the  fluviatile  drifts  of  the  valleys,  and  consequentlj  that  the 
high-level  valley  gravels  are  older  than  the  Beaches,  though  t^ese 
higher  river-drifts  rarely  extend  to  the  coast.  For  example,  the 
low-level  fossiliferous  dnfbs  of  the  Thames  at  Grays  and  Crayford, 
and  the  high-level  drift  gravels  of  Purfieet,  Ghadwell,  and  Dart- 
ford,  are  represented  at  the  mouth  of  the  Thames  only  by  the 
small  bed  at  Ghislet,  and  by  the  circumscribed  bed  of  gravel  which 
caps  the  difife  between  Heme  Bay  and  the  Eeculvers,  at  a  level 
about  100  feet  higher  than  the  Ghislet  deposit.^  In  this  latter  we 
meet  with  indications  of  the  proximity  of  a  coast-line,  in  the 
presence  of  BcUanus  and  a  species  of  OlobuJina^  with  which  are 
associated  the  Cyrena  fiuminalis  and  a  few  freshwater  shells  such 
as  are  found  at  Crayford  and  Grays.  Over  these  are  3  to  8  feet  of 
Kubble-drift  or  Head,  derived  from  the  gravel  and  day  of  the 
adjacent  range  of  hiUs.  This  shell-bed  is,  like  the  Beaches  on  the 
coast,  at  a  height  of  about  15  to  20  feet  above  sea-level.  The 
Chalk  on  which  it  rests  is  in  one  part  festooned,  in  the  manner  I 
found  the  Chalk  to  be  at  Dartford  before  the  deposition  of  the  Cray- 
ford low-level  drift* 

But  in  order  to  obtain  better  evidence  of  the  relation  between  the 
Baised  Beaches  and  the  Valley  Drifts,  we  must  step  for  a  time 
beyond  our  assigned  limits,  and  cross  to  the  valley  of  the  8omme. 
The  estuary  of  that  liver,  which  now  does  not  extend  beyond 
St.  Valery,  formerly  extended  to  Abbeville,  where  a  number  of 
marine  shells  are  met  with  at  the  base  of  the  iiuviatile  beds  of 
Menchecourt.'  This  estuarine  bed  is  24  feet  above  the  mean  level 
of  the  sea,  or  approximately  on  the  same  level  as  the  Eaised  Beach 
at  Sangatte,  and  contains  the  Bviceinum  undcUum,  LUtorina  littoreaj 
Nassa  reticulata^  Purpura  lapillusy  Cardium  eduU,  Osirea  eduUs, 
and  Tellma  balthica  of  our  Eaised  Beaches,  together  with  a  large 
proportion  of  the  fluviatile  shells  and  the  Cyrena  fluminaUs  of  the 
low-level  fluviatile  drifts  of  Grays  and  Crayford.  There  are  high- 
level  gravels  on  both  sides  of  the  valley,  at  AbbeviUe,  at  a  height  of 
08  feet  above  the  marine  shell-bed  at  Menchecourt,  and  again  at  the 

'  Quart.  Journ.  Geol.  Soc.  vol.  xi.  (1856)  p.  110. 

»  im^-yol.  xlvii.  (1891)  p.  163,  fig.  11. 

»  Phil.  Trane.  Roy.  Soc.  vol.  d.  (1860)  p.  288. 
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nioaik  of  ihe  Somme  at  6t.  Yaler^',  at  which  place  this  grayel  ia 
about  105  feet  abore  sea-leyeL  Tha  abaence  of  large  liyera,  the 
encroaohiDent  of  tlie  sea,  and  other  eirciunstaiicea  to  be  hereafter 
mentioned,  have  interfered  with  the  oKhibition  of  any  equally 
illuatratiTe  case  on  our  own  south  coast. 

At  the  Isle  of  Thauet  the  sea  has  encroached  so  moch  that  if 
there  had  been  any  Raised  Beaches  they  most  have  been  destroyed. 
It  is  so  also  along  the  Walmer  and  Dover  coasts,  though  at  both 
places  there  are  remains  of  a  Head  of  rubbly  chalk  at  a  level  which 
would  indicate  that  the  shore-line  was  not  far  distant.  The 
Wealden  rivers  are  obscured  at  their  embouchure  by  the  large 
accumulation  of  recent  shingle.  On  the  Sussex  coast,  the  flat 
ground  through  which  the  rivers  pass  conceals  their  relation  with 
the  coast-sections,  and  on  the  Hampshire  coast  the  distinctive  levels 
of  the  valley-beds,  well  exhibited  in  the  Avon  Valley  at  and  around 
Salisbury,  are  lost  after  passing  Eingwood.  The  streams  which 
flow  into  the  Southampton  Water  have  equally  indefinite  baoki. 

On  the  coast  of  Devon  and  Cornwall,  the  Valley  Drifts  have  not 
yet  been  well-defined,  but  we  shall  have  other  evidence  to  offer, 
respecting  the  age  of  the  Baised  Beaches  there.  In  the  valley  of 
the  Severn,  there  are  too  many  links  wanting  to  establish  with 
efficient  certainty  the  relation  of  the  liaised  fieachfis  of  Weston- 
super-Mare  and  Woodspring  with  the  Pleistocene  fluviatile  beds  of 
the  valley  of  the  Severn  and  its  tributaries.  In  the  absence 
of  marine  terraces  in  the  main  valley,  we  may,  however,  take  the 
fluviatile  beds  of  the  tributary  vsJleys  as  guides  to  the  then 
sea-leveJs.  Thus,  as  before  mentioned,  the  low-level  £9Bsililerous 
drift  of  the  Stroud  Valley  where  it  debouches  into  the  valley  4>f  ihe 
Sevom  coiresponds  very  weU  with  what  should  have  been  the 
level  of  the  old  estuary,  as  does  the  level  of  the  Cropthipme  bed 
at  the  junction  of  the  Avon  with  the  Severn  Valley,^  whole  the 
marine  beds  at  Kempsey  and  Upton  would  tally  witib  the  fiaised 
Beaches  of  Weston  and  Woodspring. 

On  the  Welsh  coast,  the  absenoe  of  broad  valleys  with  fluviatile 
deposits  leaves  a  blank  in  the  terms  of  comparison. 

On  the  whole,  especially  looking  at  the  Meucheoourt  section,  we 
may  conclude  that  the  Eaised  Beaches  of  the  English  and  Bristol 
Channels  are  on  the  same  geological  horizon  aa  the  lower  old 
river-drifts  of  the  Thames  and  Somme  Valleys,  and  belong  to  one  of 
the  latest  phases  of  the  post-Glacial,  or,  more  properly,  of  the  later 
Glacial  period. 

Discussion. 

The  Pbesipeht  thought  the  Fellows  were  to  be  congratulated  that 
the  father  of  the  Society  should  still  continue  to  furnish  tbem  with 
such  papers  as  that  to  which  they  had  listened — so  full  of  careful 
observation,  ranging  over  so  wide  an  area,  and  raising  so  many 

^  Strickland's  Memoin,  '  Geology  of  the  Vale  of  ETeBham/  p.  96. 
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qaestionB  of  the  greatest  interest  They  would  regret  that  the 
Author  was  prevented  by  illness  from  being  present  that  evening, 
but  he  hoped  that  he  would  be  able  to  attend  when  the  second  part 
of  the  paper  was  read  and  when  the  full  discussion  of  this  wide 
subject  could  be  entered  upon. 

Br.  EvAJrs  concurred  in  the  advisability  of  postponing  the  dis- 
cussion of  the  paper  until  the  second  part  had  been  read. 


Part  II.     (Read  February  24th,  1892.) 

OOHTEITTS. 

Page 
{  6.  The  Ooast  Oaves  and  their  Fauna ;  the  Zone  of  Baised  Danes  or  Blown 

Sands 304 

I  7.  Inland  Bange  of  the  Bubble-drift ;  Stream-tin  Detritus ;  Ossiferous 

Fissures  30f» 

S  8.  On  the  origin  of  the  Head  or  Bubble-drift   322 

S  9.  Theoretical  Considerations ;  the  Bubble-drift  due  to  a  wide  Sub- 
mergence of  the  Land  329 

§  6.  The  Coast  Caves  and  theib  Fattna  ;  the  Zone  of  Eaiseb 
Dunes  ob  Blown  Sands. 

The  long  rest  indicated  by  the  maintained  level  of  the  Baised 
BeaoheSy  and  the  wear  of  the  cliffs  against  which  they  abut,  was 
brought  to  an  end  by  a  rise  of  the  land  which  placed  the  Beach 
above  the  level  of  tidal  action.  It  has  been  suggested  that  the 
Baised  Beaches  do  not  indicate  any  alteration  of  level,  being  merely 
the  remaining  portions  of  the  upper  part  of  the  inclined  planes 
up  which  the  shingle  was  driven  by  storm-waves ;  but,  amongst 
other  reasons,  besides  the  considerable  and  vaT3ring  heights  (10  to 
50  feet)  of  the  Beaches  on  the  coast,  the  double  cliffs  (Weston, 
fig.  10,  and  Porthclaus,  ^g,  12),  the  presence  of  Balani  attached  to 
the  upraised  rocks  (Barnstaple  Bay),  at  or  above  that  at  which  they 
could  possibly  have  lived,  and  the  many  uninjured  shells  (Hope's 
Nose,  Portland),  clearly  show  that  there  has  been  a  change  of  level. 
Besides,  it  must  be  remembered  that  the  present  level  of  the 
Beaches  has  nothing  to  do  with  the  levels  which  prevailed  at  the 
time  of  their  formation.  The  present  level  is  the  result,  not  of  one 
upheaval,  but  of  the  several  upheavals  and  subsidences  which  have 
taken  place  since  that  time.  It  merely  represents  the  difference 
between  the  several  movements.  I  need  not,  however,  dwell  on 
this  subject  as  Mr.  Pengelly  has  already  proved  that  the  Beaches 
could  not  have  been  formed  at  the  level  at  which  they  now 
stand.^ 

^  Trans.  Devon  Assoc  for  1867,  p.  1. 
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It  has  also  been  su^^ted  that  after  the  Beach  formation  the 
land  was  elevated  to  &e  extent  of  2000  feet  or  more,  and  in 
accordance  with  that  supposition  it  has  been  concladed  that  the 
whole  area  of  the  Bristol  and  English  Channels  was  then  trans- 
formed into  dry  land  which  afforded  pasture-grounds  for  the  large 
mammalian  fauna  of  this  late  Cave  period.  The  submarine  forests 
so  common  on  our  coasts  have  been  adduced  as  proofs  of  that  eleva- 
tion. But  these  sunken  forests  are  not  contemporary  with  the  Oaves. 
They  belong,  as  I  have  shown  in  another  part  of  this  paper,  to 
a  subsequent  period,  and  they  are  moreover  limited  to  moderate 
depths.  There  is  no  well-recorded  instance  of  any  submarine  forests 
occurring  at  a  greater  depth  than  about  100  feet,  so  that  on  these 
grounds  alone  there  is  no  reason  to  believe  that  the  sea-bed  much 
beyond  that  depth  was  raised,  or  that  the  whole  of  the  area  of  the 
English  and  Bristol  Channels  was  transformed  into  dry  land.  On 
the  contrary,  such  evidence  as  we  have — namely,  that  afforded  by 
the  Blown  Sands — would  lead  us  to  limit  the  level  of  the  land  after 
the  elevation  of  the  Eaised  Beaches  to  a  height  not  exceeding  120 
feet  or  so ;  for  these  sands  could  scarcely  have  attained  the  dimen- 
sions they  have — and  it  must  be  remembered  that  they  have  under- 
gone considerable  denudation — ^had  they  been  blown  to  greater 
heights.  It  is  true  that  shore  sands  may  be  blown  inland  over 
hills  higher  than  this,'  but  they  then  occur  merely  as  a  thin 
covering.  Even,  however,  such  an  elevation  as  120  feet  would 
convert  a  great  part  of  the  Bristol  Channel  into  dry  land,  and  would 
give  a  broad  fringe  of  land  to  the  English  Channel.    (See  Map, 

PI.  vin.) 

What  is  needed  for  the  massing  of  blown  sands  is  a  wide  strand 
left  dry  at  low  water  and  exposed  to  the  action  of  strong  winds. 
This  must  have  been  for  a  considerable  time  the  condition  of  the 
coasts  of  Cornwall  and  Devon  after  the  first  uplift  of  the  Beaches, 
while  on  the  coast  of  South  Wales  the  cliffs  may  have  stood  farther 
inland  and  been  less  exposed  to  the  drifting  sands.  As  these 
sands  lie,  on  the  one  side  of  the  Channel,  between  the  Eaised 
Beaches  and  the  Head,  whilst  on  the  other  side  the  Cave-deposits 
occupy  the  same  position,  it  follows  that  these  two  deposits  are 
synchronous ;  and  further,  as  the  Head  forms  the  closing  chapter 
of  Palaeolithic  and  post-Glacial  times,  this  group  of  Cave  animals  is 
the  last  one  of  the  Pleistocene  fauna,  with  the  exception  of  that 
of  the  Eubble-drif t. 

Dr.  Falconer  therefore  was  right  in  his  conclusion  **that  the 
Gower  caves  have  probably  been  filled  up  with  their  mammalian 
remains  since  the  deposition  of  the  Boulder  Clay,*'  but  whether 
there  are  no  '^  mammalian  remains  found  elsewhere  in  the  ossiferous 
caves  of  Britain  referable  to  a  fauna  of  a  more  ancient  geological 
date"^  may  admit  of  a  doubt.     Dr.  Falconer's  list  (with  some 

^  In  the  BoulcnnaiB  they  are  found  on  a  hill  400  feet  high,  bat  only  as  a  thin 
sprinklmg ;  see  my  '  Geologr/  toI.  i.  p.  146. 

^  '  Palsont.  Memoirs/  toL  ii.  p.  53o.  .   ' 
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oorrectdons)  of  this  Caye  fauna  will  serre  tbe  purpose  of  eompaidson 
with  that  from  the  Rubble-dxifb  beeidee,  aad  also  as  dafliuBg  thiii 
particular  zone.^ 


Cephas  asUiguus, 

prindgenitu. 

Rhinoceros  leptorhimu,  Owen  {krmi- 
taekus,  falc.). 

tickorkitHtB, 

fEouiu  caballuB, 

Uippcpotamus  major. 
f8u8  acrqfa. 
fCormu  tarandui, 

mtffaoaros. 

t elaphus, 

t capreolus. 

fBiaon  prixus. 


Untts  ipd^BUA, 

t arctoa, 

iMeles  taxus. 
iMuttela  putoriuB. 

t erminea. 

fLutra  vuJgariM* 
t  Cants  lupus. 
t wipes, 

Hyrnna  oroouta  (speUsa), 

Felis  leo  (F.  apelma). 

t CiUuS, 

"tArvicola  amphUnus. 
fLepits  euniculus. 

t timidus. 

t  SunriTais  in  the  Britiflh  laUrnds  from  Glacial  to  Prehifltorie  or  Beeeni 
tiniM. 

With  the  exception  of  Mel^  taxusy  Mustela  putorius^  M.  erminea, 
and  Lepua  cuniculus,  which  hitherto  have  been  found  only  in  Caves, 
the  above  are  all  common  low-level  Valley  Drift  species. 

§  ?•  IifTLAim  Bangs  of  the  RnBBLE-nsnrr  oh  Head  : 
Stbeax-tin  Detbitus  :  Ossiferous  Fissubbs. 

Besides  the  drifi>-gravels  and  loams  of  our  valleys  due  to  flumtile 
action,  and  the  sands  and  gravels  at  various  heights  due  to  marine, 
glacial,  and  meteorological  agencies,  the  existence  in  the  South  of 
England  of  other  drift-beds  which  could  not  be  accounted  for  by  auy 
of  these  causes,  and  for  which  some  other  explanation  was  needed, 
has  long  been  suspected.  De  la  Beche,  speaking  of  the  drifib-bcds  of 
Devonshire  and  Somerset,  remarks  that  north  and  north-east  of  the 
Black  Downs  there  is  mudi  flint-  and  chert-gravel  over  the  New  Red 
Sandstone  and  Lias,  miogled  with  debris  from  the  Quantock  Hills, 
the  transport  of  which  can  hardly  be  explained  by  means  of  liyer- 
drainages  such  as  we  now  see:  the  Chalk  and  Lower  Cretaceout; 
strata  may  have  extended  over  this  area,  but  he  points  to  difficulties 
on  that  view.^ 

Godwio-Austen  was  of  opinion  that  much  of  the  angular  gravel 
covering  the  hill-slopes  and  valleys  in  the  West  of  England  was  not 
referable  to  fluviatile  action,  but  was  due  to  some  widespread 
general  cause.^ 

The  main  object  of  Murchison's  paper  *  on  the  Wealden  area  was 
to  show  that  the  flint-drift  of  the  South  of  England  must  be  attri- 
buted to  some  other  cause  than  river  or  glacial  action. 

^  *  Palaoxit.  Memoirs,*  vol.  ii.  p.  625,  and  Prof.  Boyd  Dawkina's  '  Cave  Hunt- 
ing/ chap.  zii.  See  also  hia  *  Classification  of  the  Pleiitooene  Strata  of  Britain 
and  the  Continent  by  means  of  the  Kammalia^'  Quart.  Joom.  GheoL  Soe. 
vol.  xxTiii.  (1872)  p.  410. 

^  '  Beport  on  the  Geology  of  Cornwall,  Devon,  kc*  p.  409. 

»  Quart  Joum.  Geol.  Soc.  vol.  vii.  (1851)  p.  118,  and  voL  xiiL  (1866)  p.  1. 

*  Ibid.  vol.  vii.  (1851)  p.  349. 
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Mr.  Topley  refers  to  several  instances  in  Kent  and  Sussex  where 
the  gravel  eannot  he  accounted  for  hy  river  action/  and  these  he 
refers  gpenerallj  to  Mihaerial  action  or  to  the  recession  of  the 
Escarpment. 

Mr.  Whitaker  places  certain  drifts  in  the  London  Basin  amongst 
those  '  Douhtful  Deposits  '  which  generally  "  have  the  appearance 
of  a  local  wash.",' 

My  object  will  be  to  show  that  these  various  drifts  are  probably 
referable  to  the  one  and  the  same  cause  as  that  to  which  the  Head 
owes  its  origin. 

The  intimate  connexion  of  the  Head  with  the  Eaised  Beaches  i» 
merely  accidental,  owing  to  the  circumstance  that  the  angle  between 
the  cliff  and  the  beach  formed  a  trough  in  which  any  d^ris 
carried  down  from  the  hills  above  would  necessarily  lodge,  just  as  it 
would  fill  up  any  other  indent  on  tiie  surface  over  which  it  had  to 
pass.  Godwin- Austen  has  remarked  that  ''  these  beds  (the  Head 
over  the  Rabed  Beach)  everywhere  range  inland,  above  and  beyond 
the  level  of  the  sea-beds  on  which  they  rest  in  the  coast  sections,"  ' 
but  without  specifying  localities. 

We  may  take  it  as  eetabliahed  that  in  every  instance  the  character 
of  the  TuM)le  forming  the  Head  depends  entirely  upon  the  character 
of  the  local  strata ;  that,  in  the  sense  used  when  speaking  of  Sedi- 
mentary strata,  it  is  always  unstratified,  and  composed  of  sharp 
angular  fragmewU  of  the  harder  strata,  and  that  it  follows  the  slopes 
of  the  hills,  often  furrowing  the  surface  of,  and  extending  for  a 
certain  distance  over,  the  adjacent  valleys.  As  it  recedes  from  its 
base,  however,  it  becomes  subaiigiilar,  and  loses  its  calcareous 
matter ;  so  that,  as  it  ranges  from  the  Chalk  hills,  the  chalky 
element  gradually  disappears,  the  flints  lose  their  sharp  angles,  and 
the  insoluble  loam  or  brick>earth,  derived  from  outliers  of  Tertiary 
beds,  abne  remains.  It  is  oa  these  eharacterd,  and  on  the  fact  that 
it  contains  only  land-shelU  and  the  remains  of  Jand^nimaU,  that 
we  have  to  depend  for  tracing  its  range  inland.  To  give  all  th& 
details  of  this  drift  in  its  many  locations  and  j^ases  would  fill  a 
TC^ume.  I  must  therefore  confine  myself  to  a  few  illustrative 
instants ;  but  it  must  be  understood  that  ther6  are  few  districts 
iu  the  South  of  England  where  traces  of  it  are  not  to  be  found. 

(1)  Upchurch. — ^I  would  refer  to  this  drift  the  plots  of  low-lying 
gravel  and  bviek^earth  which  lie  in  places  at  the  base  of  the  Chalk 
hills,  between  Faversham  and  Chatham.  Each  of  them  has  come 
down  one  of  the  dry  Chalk  valleys  which  run  up  towards  the  escarp- 
meDt  of  the  North  Downs  nearly  to  their  summit,  and  debouch  into 
the  plain  at  their  base,  where  they  are  independent  of  and  subsequent 
to  the  terraces  of  river-gravels.  One  of  these  narrow  dry  valleys 
commences  at  Queen  Down  Warren^  at  an  altitude  of  above  400  feet,. 
and  passes  near  Hartlip  to  the  flat  tract  between  the  mainland  add 
the  Isle  of  Sheppey,  where  its  height  is  from  10  to  50  feet  abore 

»  '  Geology  of  the  Weald/  pp.  168, 179, 183,  185.  301,  202. 
«  •  Geolo^  of  London/  vol.  i.  3rd  ed.  p,  298. 
3  Quart.  Joum.  G«ol.  Soc.  t«1.  viL  (1851)  p.  123. 
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sea-level.  The  narrow  bed  of  coarse  flint-gravel  which  runs  down 
the  Chalk  valley  expands  around  Upchurch  from  a  width  of  a  few 
hundred  feet  to  rather  more  than  a  mile,  and  is  there  associated 
with  thick  beds  of  loam  or  brick-earth,  occasionally  containing 
blocks  of  Tertiar}'  sandstone. 


Pig.  14. — JSeetion  in  Upchurch  Brick-pit, 


.  Brick-earth,  without  shells. 
Slightly  subanffular,  ochreous  flint-graTel  and 
loam,  with  a  few  white,  red,  and  black  seams 
(Elephant's  tusk  in  one).  Here  and  there  is  a 
lenticular  layer  of  grey  laminat^MJ  day,  with 
land-shells. 


One  block  of  sandstone  at  the  top  of  the  gravel  measured  11|  feet 
long  by  4  feet  broad  and  1^  feet  deep.  None  of  the  blocks  showed 
glacial  strias.  The  gravel  is  all  of  local  (Chalk  and  Tertiary)  origin, 
and  there  is  an  entire  absence  of  the  pebbles  from  the  Boulder 
Clay  Series  which  mark  the  Thames  Valley  river-gravels.  The 
bulk  of  the  flints  are  not  discoloured,  and  the  few  brown,  worn 
flints  are  derived  from  the  older  plateau-gravel.  The  beds  are  of 
very  variable  dimensions,  the  brick-earth  attaining  in  some  places  a 
thickness  of  20  feet.  I  found  in  these  pits  El^has  primigmiw, 
E,  antiquus  (?),  Rhinoceros  tichorhinus^  with  Pupa  marginata  and 
Succinea  oblonga, 

A  section  on  the  L.  C.  &  D.  Kailway,  at  right  angles  to  the 
direction  of  the  Hartlip  Valley,  shows  how  the  drift  drapes  the 
slopes  of  the  lower  hills  before  it  spreads  out  in  the  lower  ground 
to  the  north  of  this  line. 

(2)  Sittinghoume. — In  the  same  way  the  long,  narrow,  dry  valleys 
with  their  central  trail  of  flint-gravel,  which  debouch  at  Milton 
and  Sittinghoume,  run  back  to  near  the  summit  of  the  Chalk 
Escarpment,  or  to  from  400  to  500  feet  above  O.D.  At  the  lower 
levels  of  from  10  to  40  feet  around  Sittinghoume  this  drift  expands 
into  extensive  beds  of  brick-earth  and  gravel,  of  the  same  character 
as  at  Upchurch,  but  fossils  seem  scarcer. 

(3)  Faversham, — ^Again,  around  Oare  and  Faversham,  at  a  height 
of  from  20  to  60  feet  above  the  Thames,  great  deposits  of  brick- 
earth  and  gravel  of  the  same  local  character  have  been  brought  down 
along  two  dry  valleys  which,  starting  from  near  the  summit  of  the 
Chalk  Escarpment,  pass — one  by  Stalisfield  and  the  other  by 
Newnham — and  meet  at  Faversham.  The  brick-earth  and  grav^ 
contain  as  usual  blocks  of  Tertiary  sandstone;  and  mammalian 
remains — chiefly  of  the  Mammoth — are  so  numerous  that,  on  one 
occasion  alone,  a  visitor  carried  away  30  teeth  of  Mammoth. 
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It  is  also  possible  that  the  dry  valley  which  descends  from  near 
Bredhnrst,  and  passing  by  Luton  joins  the  Medway  Valley  at 
Chatham,  may  have  contributed  to  the  low-level  drift  around 
Strood  and  Rochester.  Those  near  Erindsbury  are  rich  in  mam- 
malian remains.  In  the  Luton  Valley  the  brick-earth  ascends 
farther  from  its  river-base,  owing  possibly  to  the  check  received 
by  the  flood-waters  at  its  junction  with  the  Medway  VaUey. 

(4)  l?u  Cray  and  other  Valleys. — ^Amongst  others  of  these 
dry  vaUeys  in  the  Chalk  hills  is  the  long  narrow  vale  of  Longfield 
which,  commencing  in  the  hills  above  Wrotham,  winds  its  course  of 
10  miles  by  Eidley  to  its  junction  with  the  Darent  Valley  a  short 
distance  above  Dartford.  A  long  narrow  trail  of  flint-gravel  from  3 
to  5  feet  deep  lies  along  its  whole  length,  but  although  it  is  worked 
in  many  places  I  cannot  learn  that  any  organic  remains  have  been 
found  in  it. 

The  thin  trail  of  flint-gravel  in  the  upper  dry  valley  of  the  Cray  is 
abo  probably  connected  with  this  drift.  At  Green  Street  Green, 
where  a  tributary  valley  joins  the  Cray  Valley,  the  gravel  swells*  to  a 
thickness  of  from  20  to  30  feet,  and  is  confusedly  heaped  together 
without  a  trace  of  stratification.  The  gravel  consists  of  a  mass  of 
broken  and  sharply  angular  chalk-flints,  of  flint-pebbles  derived  from 
Tertiary  beds  on  the  adjacent  hills,  and  of  large,  much  rolled  and 
worn  flints,  derived  probably  from  an  older  gravel,  of  which  an  out- 
lier caps  Well  Hill.  It  rests  upon  a  very  uneven  and  broken  surface 
of  Chalk,  and  a  good  deal  of  chalk-rubble  is  mixed  up  with  the  lower 
portion  of  the  gravel,  or  forms  irregular  beds  or  masses  in  a  manner 
much  resembling  the  deposit  of  rubble  in  the  cliff  at  Birling  Gap. 
Bemains  of  the  Mammoth,  Rhinoceros,  Horse,  and  Ox  are  ooca- 
aioually  met  with,  and  with  these  has  been  found  part  of  the  skull 
of  the  Musk  Ox.  In  a  smaller  adjacent  pit  I  found  a  few  specimens 
of  Pupa  marginata  in  a  thin  intercalated  seam  of  loam.  A  very 
few  rolled  and  much- worn  Palaeolithic  flint-implements  have  also 
been  found  there  by  Mr.  de  B.  Crawshay,  and  one  was  got  in  a 
small  shallow  pit  near  the  Orpington  pumping  station,  lower  down 
the  valley,  by  Mr.  I.  Allen.  The  drift  in  the  upper  dry  valley  of 
the  Ravensboume  is  of  similar  origin. 

In  speaking  of  these  dry  valleys  with  their  trail  of  angular  flints 
as  belonging  to  this  drift,  I  do  not  mean  to  imply  that  streams  have 
had  nothing  to  do  with  their  denudation  at  a  former  period.  Their 
early  erosion  was  probably  due  to  that  agency,  but  the  deposits 
formed  by  the  streams  have  been  destroyed  and  lost  in  the  intrusion 
of  the  later  rubble-drift. 

(5)  Folkestone, — On  the  scarped  or  steep  face  of  the  Downs  the 
accumulation  of  this  drift  is  less.  We  have  before  noticed  the 
Polkestone  rubblo-bed  at  the  Battery,  and  to  this  we  may  perhaps  add 
the.  brick-earth  (with  similar  mammalian  remains  and  land-shells) 
north  of  the  town  as  a  different  manifestation  of  the  same  drift. 
At  Charing  it  consists  of  a  great  mass  of  chalk-rubble  at  the  base  of 
the  Chalk  Escarpment,  and  at  Maidstone  of  a  chalky  rubble  with  a 
capping  of  brick-earth  and  flints,  extending  down  the  slope  of  the 
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hU  to  near  Gob  Tre»^  «nd  Aylesford,  where  ifc  lies  against  the 
base  of  the  hill  capped  by  a  bed  of  high-leTel  mammaliferoiiB  rmr- 
diift. 

How  far  the  brick-earths  around  Maidstone  are  connected  with 
drift,  and  how  far  with  river-floods,  I  am  not  prepared  to  say.  I 
have,  however,  a  growing  conviction  that  large  sections  of  the  brick- 
earths  in  the  South  of  England  are  connected  with  this  drift.  1 
would,  for  example,  place  with  it  the  high-level  (290  feet)  brick- 
earth  south  of  East  Mailing,  that  at  Crown  Point  (490  feet)  near 
Ightham,  and  of  Seal  Chart  Common  (529  feet),  as  also  that  described 
by  Mr*  Topley  nc«rth-west  of  Sevenoaks. 

(6)  SevenoaJcgj  6fc. — ^In  the  Sevenoaks  district  it  is  probable  that 
some  of  the  drifts  I  termed  '  hill-gravels '  are  of  this  date."^  The 
mass  of  Lower  Greensand  debris  covering  the  slope  of  Sheet  Hill 
near  Ightham  is  certainly  a  deb&cle  from  the  high  Greensand  range 
immediately  behind.  The  slopes  of  Oldbury  Hill  are  covered  with 
debris  and  blocks  from  its  summit,  and  on  the  northern  side  large 
blocks  lying  in  a  loamy  or  clayey  bed  follow  the  course  of  t^e  valley 
for  some  distance  northward.  The  angular  chert>-rubble  on  the 
slope  of  the  hills  by  Seal  Chart,  and  the  thick  bed  of  the  same  in 
the  valley  between  Bessel's  Green  and  Sundridge,  may  be  of  the 
same  age,  while  to  the  south  of  the  Greensand  Escarpment  the 
traces  of  it  are  fewer,  and  include  probably  those  high  patches 
north  <5f  Tunbridge  mentioned  by  Mr«  Topley,'  asd  composed  of 
angular  fragments  of  diert.  Of  t^eve  he  remarks  that  they  are 
"  apparently  not  all  true  river-gravel,  but  merely  subaerial  deposits 
left  by  the  recession  of  the  Lower  Greensand  escarpment."  Again, 
speaking  of  the  Ouse  basin,  he  says,.  "  Flints  are  occasionally  found 
lying  over  the  surface  of  the  Weald  Clay  in  this  distrk>t.  These  are 
not  connected  with  river-gravel,  but  are  probably  the  remains  of  the 
Chalk  which  once  covered  the  whole  area."  * 

(7)  Qmldford, — Another  remarkable  exhibition  of  this  drift  in 
the  adjacent  county  is  that  described  by  Col.  Godwin-Austen  in 
a  section  of  the  railway  on  the  London  road  east  of  Guildford,* 
which  I  had  the  advantc^e  of  visiting  with  him.  The  railway  has 
cut  through  a  high-level  terrace  of  the  old  river  Wey,  consisting  of 
stratified  sands  and  gravek,  resting  at  one  end  on  Woolwich  and 
Beading  Beds,  and  at  the  other  on  Chalk.  The  section  is  nearly 
half  a  mile  long,  20  feet  deep,  audits  base  is  64  feet  above  the  level 
of  the  Wey.  The  fluviatile  drift  consists  mainly  of  Lower  Green- 
sand debris,  which  was  evidently  carried  from  the  south  through  the 
gorge  of  the  Chalk  hills  at  Guildford.  About  midway  in  the  cotting 
a  coarse  unstratified  drift  of  Chalk  and  angular  flints  sets  in  over 

^  It  there  cxmtamed  the  plate  of  an  Mephant's  tootb,  whidh  may,  howerer, 
have  been  derived  from,  the  adjacent  hifffa-IeTel  gravel. 
«  Quart.  Joum.  Geol.  Soc.  ▼ol.  adv.  (1889)  p.  276. 

•  •  Geology  of  the  Weald/  p.  185. 

•  Ibid.  p.  202.    I  have  beioie  eiven  my  objections  to  this  view ;  see  QnarL 
Journ.  Geol.  Soc.  vol.  xlvii.  (1891)  p.  168. 

•  aU,  vol.  xl.  (1884)  p.  699. 
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the  river-g^ravels  and  finally  replaces  them.  .  Full  details  of  the 
section  will  be  found  in  the  paper  referred  to.  The  general  section, 
as  I  woold  interpret  it,  is  given  in  PI.  YII.  fig.  3,  and  shows : — 

a.  Bubble  of  unrolled  and  broken  flints  and  ohalk,  with  a  fow  Tertiary  pebbles, 
red  clay,  and  Beams  of  sand.  It  contains  land-shells  {Pupa  marginaia. 
Helix)  with  bones  of  the  Mammoth,  Ac.,  resting  on  an  uneven  surface  of-— 

o.  Aiyer-gniTel  with  mammalian  remains  {Eiephtu,  Equtu,  Boa). 

d.  Flint  i^ravel  in  red  clay. 

The  rubble  (a)  is  in  places  roughly  bedded,  like  the  Brighton 
Elephant  Bed,  in  alternate  seams  of  flints  and  rubble,  while  in  other 
places  it  is  much  disturbed  and  twisted,  indicating  great  and 
lateral  thrust  combined  with  a  semi-fluid  state.  It  contains  no 
Lower  Greensand  debris,  and  could  not,  therefore,  as  Col.  Godwin- 
Austen  observes,  have  come  through  the  gorge  of  the  Wey,  as  the 
river-drift  has  clearly  done,  but  came,  under  glacial  conditions, 
from  the  Chalk  Downs  above  and  immediiately  south  of  the  cutting. 
Thence,  also,  it  is  evident  the  chalk  and  flints,  with  the  red  clay 
and  Tertiary  pebbles,  have  been  derived. 

At  Peasemarsh,  to  the  south  of  Guildford,  another  form  of  this 
drift  was  described  by  R.  A.  C.  Godwin-Austen  ^  as  '*  an  old  ter- 
restrial surface  indicated  by  peat,  trees,  and  sedimentary  deposits." 
A  nearly  perfect  skeleton  of  a  Mammoth  was  found  there  beneath 
several  feet  of  drift-gravel.  At  Wonersh  Common  the  river-deposits 
are  buried  under  5  to  8  feet  of  Lower  Greensand  debris,  shed  off 
from  the  adjacent  ridge. 

(8)  The  Thames  Valley, — Some  of  the  gravel  on  the  slopes  of  the 
hills  and  at  low  levels  in  the  Thames  basin  may  possibly  have  the 
same  origin — that  is  to  say,  it  may  be  derived  from  adjacent  older 
and  higher  beds  of  gravel :  such,  for  instance,  as  some  of  the 
thin  and  irregular  beds  scattered  over  the  lower  plains  skirting  the 
high  and  gravel-capped  hills  of  Frimley,  Chobham,  and  Ascot ;  or 
in  similar  positions  in  the  main  valley  of  the  Thames ;  or  on  some 
higher  slopes,  as  north  of  Bnrnham,  where  mammalian  remains 
have  been  found  in  a  bed  of  brick-earth.  I  mention  this  merely 
as  a  suggestion,  for  I  have  not  been  able  to  revisit  the  ground. 

These  observations  apply,  however,  only  to  a  portion  of  the  lower 
gravels.  Well-marked  low-level  river-gravels  occur  along  the 
Thames  Valley,  though  they  are  sometimes  so  mingled  with  this 
later  Bubble-drift  that  it  becomes  difficult  to  separate  them.  Or, 
when  this  drift  reposes  on  a  Chalk  surface,  it  may  often  be  a 
question  whether  the  irregular  surface  of  the  Chalk  results  from 
original  erosion  accompanying  the  deposition  of  the  gravel,  or  is 
due,  as  the  gravel  is  so  permeable,  to  subsequent  solution  of  the 
Chalk  ;  but  when  the  underlying  bed  consists  of  day,  the  irregu- 
larity of  the  surface  can  have  been  caused  only  by  the  manner  in 
which  the  overlying  gravel  has  been  deposited.  As  an  example  of 
the  latter,  we  may  take  a  section  that  was  exposed  on  the  Great 
Western  Bailway  at  Midgham  near  Newbury,  in  the  tributary  valley 
1  Quart.  Joum.  GeoL  Soo.  toI.  tI.  (1850)  p.  90,  and  vol.  xi.  (1855)  p.  112. 

Q.J.G.S.  No.190.  T 
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of  the  Eennet,  where  a  rabble  derived  from  the  plateau  of  gravel 
capping  the  adjoining  Bucklebiuy  range  of  hills  (446  feet)  akirts 
the  base  (210  feet)  of  the  hills,  and  the  drift-gravel  has  clearly  been 
driven  into  the  London  Clay  at  the  time  of  deposition.  The  section 
is  as  follows : — 

feet 

Briok-earth — Tery  irregular  0to4 

Flint-graTel,  with  Tertiary  debris,  indentiiig  on  the  day .    2  to  8 
London  Clay,  with  Septaria. 

In  the  lower  part  of  the  Thames  Valley  a  rabble-drift  overlies 
the  river-drift  at  Chislet,  Orayford,  and  Grays  Tharrock ;  while 
elsewhere  aroand  London  it  lies  on  an  old  land-sarfaoe  of  the 
same  period.  One  such  instance  I  have  described  at  West  Hackney, 
where  I  showed  that  on  the  plain,  60  feet  above  the  Thames,  there 
were  two  drift-gravels  separated  by  an  *' interval  of  drj'-land 
surface,"  the  lower  bed  being  sandy  and  stratified,  and  the  upper 
one  loamy,  unstratified  and  capped  by  brick-earth.^ 

(9)  GhUton, — ^We  will  now  pass  on  to  a  section  I  described  a  few 
years  ago  '  at  Chilton,  soath  of  Oxford.  An  angular  local  drift  there 
fills  a  depression  on  the  plain  of  Lower  Chalk,  at  a  level  of  about  290 
to  400  feet  above  sea-level,  and  of  160  feet  above  the  Thames  at 
Moulsford.  It  consists  of  chalk-rubble  with  very  sharply  angular 
fragments  of  flint,  mostly  of  small  size,  and  generally  very  closely 
packed  together.  On  the  south  side,  the  Chalk  hills  rise  to  between 
400  and  600  feet,  the  higher  ones  being  capped  by  Tertiar}'  strata. 
With  the  exception  that  there  is  no  precipitous  cliff,  this  drift  with 
mammalian  remains  is  an  exact  counterpart  of  the  Elephant  Bed  at 
Brighton,  only  that  the  materials  are  finer,  and  there  is  a  larger 
proportion  of  chalk-rubble  and  marl,  the  Chalk-with-flints  being 
more  distant.  Its  structure  is  precisely  similar — nob  stratified  in  the 
usual  sense,  but  sweeping  into  an  old  gully  in  broad  lenticular 
masses,  giving  a  false  appearance  of  beddmg.  The  flints  are  neither 
stained  nor  worn,  and  the  chalk-rubble  is  in  places  almost  angular, 
and  in  others  is  reduced  to  the  state  of  a  cream-coloured  paste  or 
marl.  It  is  in  one  of  these  latter  that  the  land-shells  were  most 
abundant.  The  whole  of  the  materials  become  finer  as  the  drift 
recedes  from  south  to  north,  and  they  are  all  of  local  origin,  being 
derived  from  the  Lower  Clhalk,  Chalk-with-flints,  and  overlying 
Tertiary  Beds.  In  the  lower  half  of  the  drift  there  were  found, 
irregularly  dispersed  in  various  parts  of  the  cutting,  a  few  blocks  of 
very  hard  and  compact  sarsenstone  (Ijower  Tertiary  sandstone). 
Two  of  the  largest  measured  2  ft.  x  10  in.  x  9  in.  and  1|  ft.  x  IJ  ft. 
X 10  in.  The  angles  were  rounded,  but  otherwise  the  blocks  were 
not  much  worn. 

The  shells  are  all  of  terrestrial  species  except  two,  and  these 
are  so  rare  that  they  constitute  the  exceptions  which  prove  the  rule. 
Besides,  Gwyn  Jeffi*eys  informed  me  that  the  Planorhis  albus,  which 

1  Quart.  Journ.  Geol.  Soc.  vol.  xi.  (1856)  p.  107. 
»  Ibid.  voL  xxxTiii.  (1882)  p.  127. 
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lives  on  water-plants  and  frequents  marshes,  can  pass  over  land- 
Bur&oes,  while  the  Limncea  truncahUa  is  nearly  amphibious,  being 
more  frequently  met  with  out  of  the  water  than  in  it ;  it  is  also 
found  in  very  elevated  spots.  The  relative  numbers  of  the  various 
shells  are  given  below.  The  bones  that  occurred  in  quantities  at  a 
few  places,  and  none  elsewhere,  were  mostly  broken,  but  not  at  all 
rolled  or  water-worn.  The  state  of  preservation  of  some  of  the 
bones  is  remarkable ;  they  have  lost  so  little  of  their  animal  matter 
that  the  bone  hardly  adheres  at  all  to  the  tongue,  and  looks  almost 
as  fresh  as  a  recent  bone.  Dissolved  in  dilute  hydrochloric  acid, 
they  leave  a  mass  of  flocculent  gelatinous  matter  as  residue.  A  bone 
of  Bison  from  near  the  base  of  the  rubble  was  found  to  contain 
17*35  per  cent  of  organic  matter.  Becent  bones  of  Oz  contain 
about  30  per  cent. 
The  organic  remains  of  the  Chilton  Drift  comprise : — 

Elephas  primigenius,  I  Equus  caJballtts, 

Bkinoceroa  (ichorhinui.  I  Cervus  elaphus, 

Biton  priteua  (?).  |  Certme  tarandus. 


No.  of  spedmeDS 
found. 

Pupa  marffinata  228 

Helixhisfida   53 

Limax  agrutU 1 


No.  of  speoimei 
found. 

LvnvMBatnmeaiuia 3 

Planarbia  cUbua  1 

Succinea  oblonga    11 


My  object  at  that  time  being  only  to  direct  attention  to  the 
interest  of  the  section,  I  did  not  give  the  further  extension  of  this 
deposit.  This  has  since  been  done  by  Mr.  Jukes- Browne,^  who 
mentions  also  several  analogoos  deposits  in  other  areas ;  but  though 
analogous,  they  are  wanting  in  the  palaBontological  and  stratigram 
phical  evidence  of  the  type-sections  at  Brighton  and  Sangatte.  He 
thinks  also  that  rainwash  would  account  for  much  of  the  Chilton 
deposit,  but  for  various  reasons  1  cannot  subscribe  to  this  opinion, 
nor  can  I  think  that  the  contour  of  the  ground  has  been  greatly 
modified  since  the  accumulation  of  this  deposit. 

A  trail  of  large  blocks  of  sarsenstone  is  prolonged  by  the  Hag- 
bourne  villages,  to  a  level  about  100  feet  lower,  on  to  the  outcrop  of 
the  Upper  Greensand.  Other  slopes  along  these  Downs  exhibit 
similar  trails  of  sarsenstone. 

(10)  WdlUngford. — It  is  probable  that  the  spread  of  unstratified, 
coarse  flint-gravel  covering  tiie  corresponding  C^alk  plain  which,  on 
the  east  side  of  the  Thames  Valley,  extends  from  Turner's  Court 
above  Wallingford  to  the  neighbourhood  of  Ewelme,  may  be  of  the 
same  age.  It  presents,  however,  a  very  different  appearance, 
forming  a  more  persistent  bed,  composed  of  somewhat  large  angular 
and  unrolled  ch^-flints  embedded  in  an  ochreous  sandy  clay,  but 
containing  a  few  small  irregular  patches  of  chaJk-rubble,  as  though 
caught  up  when  in  a  more  compact  state,  and  a  few  seams  of 
sand.  The  difference  of  structure  is  no  doubt  owing  to  the  circum- 
stance that  the  adjacent  Chiltem  Hills  are  capped  by  a  Bed  Clay- 

>  Froo.  Geol.  Amoo.  toI.  d.  (1889)  p.  204. 
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with-flints,  whence  this  gravel  would  be  derived.  Flint  implements 
of  the  pointed  type  are  said  to  have  been  found  in  the  Tumez^s 
Court  pits,  but  I  did  not  succeed  m  obtiiining  any.  A  tooth  of  a 
Mammoth  was  found  in  the  same  gravel  near  Britwell  House,  and 
the  horn  of  Cervus  elaphtu  in  a  pit  near  Blenheim  Farm. 

There  is,  however,  on  the  slopes  of  the  Chalk  hills  between  this 
gravel  terrace  and  Crowmarsh,  some  undoubted  chalk-rubble,  from 
which  I  saw  three  Mammoth  teeth,  very  white  and  much  decom- 
posed, in  the  collection  of  Mr.  Davis  of  Wallingford. 

(11)  The  CoUemoolds. — A  peculiar  form  of  the  Eubble-drift  oocun 
at  different  levels  on  the  Cotteswold  Hills  along  the  scarped  edges 
and  slopes  of  the  Inferior  Oolite.  It  consists  of  a  fine  Oolitic 
debris,  sliglitly  worn  and  roughly  bedded,  derived  from  the  Oolite 
slopes  above,  and  occurs  at  intervals  along  the  whole  line  of  the 
Cotteswold  Hills.  It  is  tx)  be  distinguished  from  ordinary  faUen- 
down  debris  by  its  fineness  of  grain  and  evident  stratification.' 
These  deposits  have  been  taken  to  represent  the  vestiges  of  a  true 
sea-shore  beach.  That  they  are  not  taluses  is  clear  from  their  pro- 
jection far  beyond  the  angle  of  repose,  their  compactness,  and  the 
alternation  of  seams  of  'finer  grit  and  sand ;  but  their  position  at 
all  levels,  and  never,  that  I  am  aware  of,  at  two  alike,  and  also 
their  structure  render  the  opinion  of  their  being  old  beaches  equally 
improbable,  and  I  believe  that  this  view  is  now  generally  held. 

Prof.  Hull  states  that  this  rubble-bed  may  be  seen  at  the  Cleeve 
Cloud  qnarries,  above  Comdean,  on  the  northern  side  of  Cricklj 
Hill,  at  Coopers*  Hill,  on  the  eastern  side  of  Painswick  Hil],  and 
above  Hill  House  near  Brimscombe.  I  have  seen  a  section  where 
it  is  quarried  for  gravel  on  the  side  of  the  hill  north-west  of  Syre- 
ford  at  a  height  of  about  650  feet,  and  could  find  neither  phells  nor 
bones.  The  slope  there  was  gentle  and  prolonged.  Mr.  W.  C.  Lucy 
mentions  several  other  places,  and  says  that  the  elevation  of  the 
rubble-bed  varies  from  500  to  700  feet,  but  at  Longford  near 
Nailsworth  it  is  only  300  feet ;  whilst  it  occurs  in  holes  or  hollows 
on  Cleeve  Hill,  at  an  elevation  of  at  least  900  feet.  He  remarks 
on  the  absence  ^'  of  any  fossils  or  even  recent  shells,"  and  is  opposed 
to  the  idea  of  the  rubble-banks  being  old  beaches.'  Mr.  Lucy 
further  mentions  the  occurrence  of  a  distinct  drift,  composed  of 
Oolite  debris,  overlying  the  lias  on  the  slopes  of  the  Cotteswolds, 
and  to  this  he  applies  &e  term  of  *  Oolite  Gravel.' 

A  separate  notice  of  this  drift  has  also  been  given  by  Mr.  £. 
Witchell,  who  describes  it  as  lying  on  the  slopes  of  the  hills  and 
descending  in  places  into  the  valleys  where  it  overlies  the  River 
Gravels.  I  cannot,  however,  agree  with  him  that  it  is  intercalated 
with  those  gravels.  He  notes  the  absence  of  organic  remains,  and 
attributes  its  origin  to  subaerial  waste  during  a  period  of  extreme 
eold. 

*  Mem.  G«oI.  Surrey,  'The  Geology  of  Cheltenham'  (1857),  p.  87;  and 
Quart.  Journ.  Geol.  Soo.  vol.  xi.  (1855)  p.  477. 

3  *  The  Ghfavelfl  of  the  Seyem,  Atoi^  &c'  p.  IIS^  Proo.  Cotteiw.  Nat  FiehdL 
Ctah,  ToL  T.  (1869). 
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I  take  these  rubble-beds  to  be  the  equivalents  of  the  Head  on 
the  coast,  and  of  the  angular  drift  at  Chilton.  They  have  not 
the  characters  of  a  beach,  and  they  are  all  on  different  levels, 
dependent  on  the  shelter  afforded.  The  water-worn  appearance  of 
the  Oolite  fragments  is  due  solely  to  the  action  of  the  rain-waters 
in  dissolving  off  their  angles  (just  as  the  broken  fragments  of 
limestone  and  Oolite  on  the  surface  of  those  rocks  have  been  rounded 
in  place  by  the  same  action),  though,  owing  to  the  softness  of  this 
Oolite,  even  the  slight  attrition  attending  their  descent  might 
have  sufficed  to  take  off  the  sharper  angles. 

(12)  The  Malvern  HHU.—As  with  the  Cotteswolds,  a  local 
angular  drift,  occasionally  containing  mammalian  remains,  occurs  at 
several  places  on  the  slopes  of  these  hills.  The  Rev.  W.  S.  Symonds  ^ 
mentions  that  a  number  of  large  bones  were  discovered  in  dig^ng 
the  foundations  of  the  Imperial  Hotel  adjoining  Malvern  railway- 
station,  the  height  of  which  is  about  300  feet  above  sea-level.  The 
ground  rises  steeply  westward  to  the  crest  of  the  hills,  and  slopes  down 
to  the  plain  below.  The  excavation  passed,  Mr.  Sjrmonds  remarked, 
**•  through  a  thick  mass  of  local  angular  ddbris,  accumulated  from 
the  hills  above,  and  had  exposed  a  stiff  i-ed  Till  or  Boulder  Ciaj 

which  contained  Northern  Drift  pebbles  and  angular  erratics 

Several  of  the  bones  of  Bhinoeeros  were  as  fresh  and  unworn  as  if 

Fig.  16. — Diagrani'Section  on  the  side  of  Malvern  HUl. 


a.  Bubble-drift  (local),  with  mammalian  remains. 

1.  New  Bed  Sandetone. 

2.  Metamorphio  rocks. 

they  were  derived  from  newly  opened  Cave-earth,  but  very  brittle. 
There  were  also  the  remains  of  molar  teeth  and  broken  tusks  of 

the  Mammoth The  red  Till  was  found  at  two  other  localitieB 

not  far  from  Malvern  ;  it  contained  mammalian  remains,  but  there 
were  not,  as  far  as  I  know,  any  Northern  Drift  pebbles."  When  I 
visited  the  spot,  the  section  was  no  longer  visible.  Its  position  is 
shown  in  the  above  diagram-section  (fig.  15). 

Mr.  Symonds  particularly   noticed   the  perfect  preservation  of 
mammalian  remains  not  only  at  this,  but  at  other  high  levels* 

^  *  The  Severn  Straito'  (1883)»  p.  SO. 
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because  all  those  he  had  seen  from  the  lower  valley-leyek  were 
more  rolled  and  worn.  This  bed,  however,  is  not  a  high-level 
Valley  Drift.  We  are  here  out  of  the  Severn  Valley  proper,  and 
there  is  no  stream  with  which  this  deposit  can  be  connected.  Nor 
do  I  take  the  red  clay  to  be  Boulder  Clay,  but  merely  a  day  derived, 
like  the  angular  rock-fragments,  £rom  the  older  rooks  and  red  maris 
higher  up  the  hill,  whence  also,  if  not  from  a  glacial  sprinkling,  the 
quartzite  and  old  rock-pebbles  may  have  been  derived.  This  deposit 
and  others  described  by  Mr.  Symonds  have  in  fact  all  the  characterB 
of  the  angular  drift  and  Head,  which  I  have  been  describing,  and 
should  be  associated  with  them. 

To  return  to  the  South  Coast. 

(13)  Cornwall, — Beacon  Hill,  near  St.  Agnes,  on  the  north  coast 
of  Cornwall,  rises  to  the  height  of  628  feet.  Its  slopes  are  covered  by 
a  Eubble-drift  varying  from  6  to  20  feet  in  thickness,  which  is  here 
rendered  more  conspicuous  than  in  other  parts  of  Cornwall,  from  its 
extending,  beyond  the  limits  of  the  slate-rocks,  over  the  eroded  sur- 
fiftoe  of  the  Tertiary  sands  and  clays  forming  the  lower  slopes  of  the 
hill.  The  rubble  consists  of  slate  and  granite-fragments  with  a  few 
quartz-pebbles,  all  of  local  origin,  and  is  analogous  in  its  character 
to  the  debris  which  overlies  the  Raised  Beaches.  Mr.  Ussher  sees 
no  reason  to  doubt  the  contemporaneity  of  this  drift,  which  he  terms 
*  overburden,'  with  the  Head  on  the  clifF-Une.^ 

As  before  observed,  the  E-ubble-drift  always  proceedr  from 
higher  ground  above  the  Eaised  Beaches,  whence  it  descends  to  the 
sea-level,  though  it  is  generally  cut  off  from  the  shore  by  subse- 
quent encroachment  of  the  sea.  In  a  similar  manner,  when  that 
drift  has  been  shed  down  the  hill-slopes  inland,  it  has  descended 
to  the  adjacent  old  valley-level ;  and  where  the  valleys  pass 
through  lode-bearing  rocks,  the  detritus  carries  with  it  its  con- 
tingent of  those  lodes,  and  it  is  this,  which  corresponds  therefore 
with  the  Head  of  the  Beaches,  that  in  Cornwall  constitutes  the 
Stream-tin  Gravel.  The  valleys  themselves  are  of  older  date,  and 
were  at  that  time  of  abnormal  depth,  for,  in  addition  to  the  de^  to 
the  base  of  the  Stream-tin  Bubble-drift,  we  must  add  the  height 
of  the  Eaised  Beaches ;  nevertheless,  as  in  none  of  them  has  there 
been  found  an  ordinary  worn  and  rolled  river-shingle  or  sand,  we 
must  presume  either  that  the  force  of  the  stream  kept  the  channels 
dear  (which  in  the  case  of  such  small  rivers  was  hardly  likely),  or 
else  that  the  tin-gravel  was  propelled  by  such  force  as  to  sweep 
and  drive  out  any  previous  deposits.  This  was  the  opinion  of  Be  la 
Beche,^  and  is,  I  think,  the  most  probable  solution  of  the  difficulty. 

The  relation  of  the  Baised  Beaches  and  Bubble-drift  to  tiie 
Stanniferous  Gravel  is  shown  in  the  diagram,  fig.  16. 

The  Stream-tin  detritus,  which  consists  of  angular  and  subangular 
fragments,  and  often  contains,  like  the  Head,  blocks  of  large  size 

1  *  The  Post-Tertiary  Geology  of  Oornwnll  *  (1879),  pp.  13.  89. 
^  'Beport  on  the  Geology  of  Cornwall,  &c.'  p.  398.    Mr.  Came  waa  the  first 
to  direct  attention  to  this  origin  of  the  Stream-tin  Gravel. 
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(200  lbs.  and  upwards)  varies  in  thickness  from  1  to  20  feet,  and 
rests  on  an  eroded  bed  of  PalsBOZoio  and  granitic  rocks.  No  mam- 
malian remains  have  been  recorded  from  the  workings ;  but  then 
none  have  been  found  in  the  Head  in  this  district,  and  the  oppor- 
tunities for  search  are  rare.     The  Stream-tin  drift  is  immediately 


Fig.  16. 


mm/mm. 


A.  Alluyial  beds  with  submerged  Forest  at  base. 

a.  Bubble-drift  (Stream-tdn  detrituB). 

<7.  Baised  Beach. 

I.  Substratum  of  rock. 

succeeded  by  alluvial  beds  containing  only  recent  forms  of  life.  It 
will  suffice  to  give  an  abstract  of  Colenso's  well-known  general 
section,  as  the  Stream-tin  works  all  present  similar  features  :t- 

Section  of  the  Stream-tin  Works  in  the  Pentuan  Valley ^ 

Biyer-Baud  and  grayel 20  feet. 

Alluvial  beds  with  recent  marine  shells 22^  „ 

Forest-growth  with  stumps  in  «fVf< 2    „ 

Stream-tin  detritus  8(?)„ 

The  depth  from  the  surface  to  the  Stream-tin  drift  is  here 
54  feet ;  but  such  a  depth  is  unusuaL  It  is  more  generally  from 
10  to  30  feet.  The  more  usual  depth  to  rock  below  the  present  high- 
water  mark  may  be  taken  at  from  20  to  40  feet. 

The  position  of  the  Forest  Bed  in  these  sections  corresponds  with 
that  of  the  submerged  forest  at  Porlock,  in  being  above  the  angular 
Bubble-drift — the  equivalent  of  the  Head,  and  therefore  these  sub- 
merged forests  are  newer  both  than  the  Raised  Beaches  and  the 
Head.  A  different  opinion  is  held  by  some  geologists  in  conse- 
quence of  the  toeth  and  bones  of  the  Mammoth  being  found  on  the 
ground  of  the  submerged  forest  at  Torbay.^  But  this  may  be 
accounted  for  by  the  circumstance  that  the  sea-bed  off  shore  must 
frequently  be  formed,  as  at  Forlock,  of  the  angular  rubble,  and  as 
this,  where  the  conditions  are  favourable,  frequently  contains 
mammalian  remains,  their  occurrence  on  the  washed  and  denuded 
submarine  surface  of  this  drift  would  be  nothing  extraordinary. 
They  have  1)een  found  in  the  Head  at  Plymouth,  and  I  have  already 
'  spoken  of  the  occurrence  of  Horse  at  Hope's  Nose. 

*  For  details,  see  Colenso,  Trans.  Boy.  Geol.  See.  Cornwall,  vol.  iv.  (1832) 
p.  29,  and  De  la  Beche's '  Beport  on  the  Geology  of  Ooniwall,  &o.*  p.  401. 

»  Godwin-Austen,  Quart.  Joum.  Geol.  Soo.  voL  vii.  (1851)  p.  131 ;  and  W. 
Pengelly,  *  On  the  Submerged  Forests  of  Torbay.* 
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(14)  Devon, — Qodwin-Austen  has  stated  that  a  drift  of  this 
character  occurs  on  the  hill-slopes  and  high  ground  at  a  nnmher  of 
places  in  Devon,  including  amongst  others  the  sides  of  Exmoor,  but 
without  giving  particulars.  De  la  Beche,  as  before  mentioned,  gave 
several  instances  in  the  Western  Counties  of  the  occurrence  of  gravel 
in  positions  where  ^^  we  can  scarcely  explain  its  transport  from  tho  ad- 
joining high  lauds  by  means  of  river  drainages,  such  as  we  now  see.'" 

Mr.  H.  B.  Woodward  has  noticed  the  great  extent  and  variable 
character  of  the  drift-beds  in  the  valleys  in  some  parte  of  South 
Devon,  and  a  section  which  he  gives  shows  how  far  they  extend  up 
the  slopes  of  the  hills  ' ;  and  Mr.  Ussher  has  described  a  number  of 
anomalous  beds  of  gravel  in  various  parts  of  Devonshire  discon- 
nected with  the  present  lines  of  drainage.' 

Bound  the  flanks  of  Dartmoor  there  are  local  drifts  which  should 
probably  be  referred  to  this  rubble.  Mr.  Maw  ^  mentions  one  such 
at  Petroclistow,  where  there  is  an  isolated  bed  of  gravel  composed 
almost  entirely  of  the  detritus  of  Dartmoor  granite,  and  distant 
12  miles  from  the  nearest  granite  in  place.  *'  From  its  situation,  it 
is  impossible  that  it  can  be  a  mere  alluvial  deposit  brought  down 
from  Dartmoor  by  [along]  any  existing  or  ancient  river-vfdley." 

Mr.  Ormerod '  has  also  noticed  some  gravels  and  boulders  at 
various  heights  on  the  flanks  of  Dartmoor,  for  which  he  cannot 
account  by  glacial  action.  These  may  belong  to  the  Rabble-drift. 
Trunks  of  trees  were  found,  in  one  instance,  in  what  he  called  the 
'  Contour  gravel,'  consisting  of  an  angular  rubble  covering  the 
slopes  of  the  hill.  Mr.  Belt'  has  also  described  great  patches  of 
angular  gravel  and  blocks  at  heights  of  from  900  to  1200  feet  on 
the  flanks  of  Dartmoor,  as  well  as  in  the  valleys  of  Devon  and  else- 
where in  the  South  of  England,  for  which  he  could  not  account  by 
any  of  the  ordinary  causes  assigned  for  the  formation  of  gravel-beds. 
Both  he  and  Mr.  Ormerod  seem,  however,  to  have  included  in  one 
category  drifts  of  different  ages,  but  that  certain  of  them  belong  to 
the  Bubble-drift  I  have  little  doubt,  though  1  am  not  sufficiently 
well  acquainted  with  the  district  to  specify  particular  cases. 

There  is  a  small  section  near  the  top  of  Kitson^  Hill,  between 


Fig.  17. — Section  of  a  road-cutting^  near  Hfracomhe. 


Devonian  Bocks  with  quartz  vein$, 
[Height=about  400  feet  above  sea-level.] 
a.  Bubble^rift,  3feet 


^  *  Report  on  the  Geology  of  Cornwall,  Ac.'  p.  409  et  aeq, 
'  Quart.  Journ.  Qeol.  SoC.  toL  xnii.  (1876)  p.  230. 
»  Ifnd,  vol.  xxxiv.  (1878)  p.  449. 
'  Ibid,  voL  XX.  (1864)  p.  461. 


Ihid,  vol.  xxiu.  (1867)  p.  4i8. 
i.  (1876)  p.  I 


•  Ibid.  vol.  xxxii.  (1876)  p.  8a ' 
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Ilfraoombe  and  Berrj-narbor,  which  is  of  interest  from  the  circum- 
ftenee  of  its  showing  the  relation  of  the  Bubble-drift  to  the  reversed 
edges  of  the  outcropping  strata. 

(15)  Plymouth* — ^Tbe  connexion  of  the  Bubble-drift  with  the 
Oaves  and  Ossiferous  Breccia  of  the  Plymouth  district  is  not  so  ap- 
parent as  in  Gower,  though  there  is  reason  to  suspect  its  existence. 
It  is  difficult  to  say  how  far  some  of  the  ossiferous  fissures  of  Oreston 
and  Cattedown  may  have  served  as  caves,  but  there  can  be  little 
doubt  that  the  rock-fragments  and  bones  now  filling  them  were 
carried  in  from  the  outside  at  a  time  subsequent  to  the  habitation 
of  the  Caves,  if  these  ever  existed.  There  are  differences  of 
opinion  as  to  the  manner  in  which  the  fiUing-in  was  effected,  yet 
all  observers  agree  in  the  essential  points,  namely,  that  the  con- 
dition of  the  bones  is  very  different  firom  those  found  in  Caves,  and 
that  they  were  brought  in  with  the  Bubble  by  natural  causes,  not 
by  hysBnas  or  other  beasts  of  prey.^ 

The  materials  filling  the  fissures  are  all  of  local  origin — ^limestone, 
clay,  and  sand.  The  limestone  is  in  pieces  and  blocks  of  various  sizes, 
which  are  all  angular ;  a  few  fragments  of  slate  and  quartz-pebbles 
are  also  occasionally  met  with.  There  has  since  been  a  large  infiltra- 
tion of  carbonate  of  lime,  which  has  often  cemented  the  whole  into 
a  hard  compact  breccia.  The  bones  are  fotmd  from  time  to  time 
in  patches,  both  in  the  consolidated  and  unconsolidated  poiiions. 
Many  of  them  are  uninjured,  and  those  which  are  broken  have 
sharp  unworn  fractures.  None  are  rolled,  and  none  show  traces  of 
gnawing.  Some  are  very  much  decomposed  and  fragile,  others  re- 
tain a  good  deal  of  animal  matter.  The  fissures  in  the  limestone 
are  sometimes  vertical,  at  other  times  they  are  inclined  or  hori- 
zontal, and  often  extremely  irregular.  Owing  to  this,  cavities  were 
occasionally  left  in  the  mass  of  the  breccia,  some  of  which  still 
remain  open,  while  others  have  been  filled  by  the  intrusion  of  sand 
and  clay,  or  calcite.  The  remains  of  the  animals  found  in  these 
fiBsures  belong  to — 

Cervus  tarandua. 
Stts  scrofa. 


Elephae  prinigenius. 
Hippopotamus  maior, 
Rhinocerpt  tichcrhinus. 

megarkinus. 

EguuB  eabaUwt. 
Bison  priscus. 
Bos  longifrons. 

primigenius, 

Cervus  capreolus. 


Felis  leo  (F.  spd(Ba). 
Canis  lupus, 

vulpes, 

Hyana  crocuta  {apdaa 
Mustela  erminea, 
Ursus  arctos. 
ferox. 


Similar  fissures  occur  near  Chudleigh,  and  in  other  limeston 
districts. 

^  A  full  Account  of  theee  oniferous  breccias,  and  of  the  papers  thereon,  i 
giren  by  Mr.  Pengelly  in  'The  Literature  of  the  Oreston  Cayerns/  Trans. 
3)eTon  Assoc.  toI.  t.  (1872)  p.  249.  See  also  Mr.  R.  N.  Worth,  'On  the  Bone 
OaTOB  of  the  Plymouth  District/  ibid,  vol.  yii.  (1879)  p.  87,  and  another 
paper  by  the  same  author  on  a  subsequent  find  of  bones,  with  parts  of 
reputed  human  skeletons,  ibid.  vol.  xix.  (1887)  d.  419.  These  so-called  *  Gayes ' 
were  originally  described  geologically  by  Buckland  in  1824,  in  his  '  Beliquise 
Diluvianie.' 
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(16)  Tenby  and  Caldy  Idand. — I  may  here  refer  also  to  the 
ossiferous  fissures  at  these  two  localities,  which,  like  those  of 
Oreston,  have  been  spoken  of  as  Caverns.  Those  on  Galdy  Island 
are  now  quarried  away,  but  it  is  evident,  from  Mr.  G.  N.  Smith's 
description  of  them,  that  they  were  fissures  with  vertical  walb 
containing  ossiferous  breccia,  though  it  is  by  no  means  certain 
whether  there  was  not  also  a  true  caye,  as  gnawed  bones  are  said  to 
have  been  found  on  the  island.  The  bones  were  so  numerous  that^ 
besides  a  number  that  were  shovelled  into  the  sea,  three  sackfols 
were  shipped  away  to  be  used  as  manure.  The  bones  that  I  saw 
in  the  Tenby  Museum  were  in  a  singularly  good  state  of  preserva- 
tion, being  almost  as  fresh-looking  and  heavy  as  recent  bones,  and 
having  lost  so  litde  animal  matter  that  they  did  not  adhere  in  the 
least  to  the  tongue.  The  animals  recorded  there  are  Felis  leOj 
Cants  luptLS,  C.  vulpeSy  Hyama  spelaia,  Urstis  sjpelceus,  ElepTuu  pri* 
migeniug,  Ehinoceros  megarhinus,  Equus  caballus^  Bos,  and  Cervus. 

At  Black  Bock,  near  Tenby,  I  found  an  inclined  fissure  (a)  in 
the  Carboniferous  Limestone,  full  of  limestone-debris  and  earth 
with  bones  of  Mammoth,  Rhinoceros,  &c.,  and  was  told  that  an 
almost  entire  skeleton  of  Ehinoceros  had  been  found  in  it.  In  the 
same  quarry  there  was  to  be  seen  a  nearly  circular  vertical  pipe  (p), 
filled  with  red  soil,  and  apparently  50  to  60  feet  deep,  but  without 
any  animal  remains. 

Fig,  18. — Section  in  Blacic  Rock  Quarry y  near  Tenby. 


fl.  Ossiferous  fissure.        p.  Gravel  pipe.         1.  Limestone  rock. 

I  take  the  pipe  to  be  of  older  date  than  the  fissure,  which  is 
coeval  with  the  fissures  on  Caldy  Island. 

(17)  Dorset, — The  slopes  of  the  hills  and  lower  parts  of  the 
v&Ueys  are  in  Dorset,  as  in  Devon,  often  covered  by  a  drift  to  a 
considerable  depth ;  but  here  again,  and  in  Somerset,  the  Valley 
Gravels  have  not  been  worked  out  in  sufficient  detail  to  separate  the 
drifts  of  different  ages.  I  feel  uncertain  whether  the  Mammoth 
remains  found  near  Charmouth  belong  to  the  later  drift  or  to  the 
Valley  Drift.     The  Eubble-drift  at  Encombe  I  have  already  noticed. 

(18)  Hampshire. — In  the  neighbourhood  of  Southampton  we  find 
traces  of  the  Eubble-drifb  on  the  slopes  of  the  surrounding  hills,  as, 
for  instance,  Bed  Hill  and  Otterbum  Hill,  but  there  are  do  well- 
marked  sections.  Possibly  some  of  the  high-drift  gravel  with  flint 
implements  on  Southampton  Common  should  be  placed  in  this 
group.  I  think  it  also  probable  that  the  patch  of  drift  at  Down- 
ton  ^  (in  which  I  found  a  sharp-pointed  flint  implement)  should  be 

1  Quart.  Joum.  Geol.  Soc.  vol.  xxviii.  (1872)  p.  39. 
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referred  to  this  drift,  and  not.  to  a  high-valley  or  fluyiatale  drift  wit<h 
which,  though  with  a  feeling  of  doubt,  I  associated  it,  as  I  then  saw 
no  other  alternative. 

The  large  erratic  blocks  of  Tertiary  sandstone,  several  of  which 
have  been  recorded  by  Col.  Nicols,^  occasionally  met  with  at  different 
levels  up  to  200  feet  or  more,  may  possibly  be  of  this  age.  There 
are  no  foreign  boulders  amongst  them, — all  are  derived  from  adjacent 
Tertiary  strata. 

(19)  The  ChdQc  Districi  of  Kent  and  Su9sex, — In  my  paper  on 
the  formation  of  the  Barent  Valley'  I  briefly  alluded  to  a  red  loam 
or  day  lying  on  the  slopes  of  the  Chalk  hills,  and  overlying  the 
whit«  Chalk  Bubble  so  common  in  that  district.  This  red  loam  is, 
like  the  Chalk  Bubble,  rarely  more  than  a  few  feet  thick,  and  con- 
tains chalk-flints  but  little  worn.  It  reposes  upon  a  very  uneven 
surface  of  the  Chalk  Bubble,  the  line  of  division  between  the  two 
being  sharp  and  distinct. 

-,.--.«.  „    .  In  freshly  ploughed  fields  this 

Pig.    l^.-Sectxm    <m    Sepham     ^^ft  may  be  ^n  draping,  as  it 

]f  arm,  near  Sluyreham.  ^^^^^    ^^^    slopes  —  sometimes 

forming  a  fringe  extending  for  a 
short  distance  from  the  brow  of 
the  hill,  and  at  other  times  de- 
scending the  whole  length  of  the 
slope  down  to  the  valley  below. 
,   ,.        In  the  first  case  it  forms  a  belt 
"•^"tt'^tr'^d'Te'^S     Of  red  gn>nnd  Which  gradu^y 
Ig^jblgg^  tones  off  on  the  lower  part  ot  the 

2^.  Chalk-rubble  of  broken  chalk  and      slopes  to  quite  white.    It  is  dear, 
sharp  aDgular  flint-fragraents  in  a      from  this   fact  of  its  becoming 

o  ,  wi      ayers  o     m  .         pearing  as  it  descends  the  slopes, 

that  it  has  its  origin  from  matter  above  and  higher  up  the  hills.  It 
is,  in  fact,  closely  associated  with  the  Bed  Clay-with-flints,  which 
so  constantly  caps  the  higher  Chalk  hills,  for  it  is  only  in  the 
vaUeys  intersecting  these  hills  that  this  red  and  white  colouring  of 
the  slopes  is  to  be  seen.  It  is  due  to  a  slight  wash  &om  the  hill- 
tops of  the  plateau-drift ;  but,  though  it  consists  of  a  basis  of  this 
day,  it  is  more  or  less  mixed  with  sands  from  the  associated  Tertiary 
outiiers,  and  with  flints  fresh  from  the  Chalk. 

It  is  impossible  to  ascribe  this  red  ground  either  to  surface- 
decomposition — for,  in  that  case,  it  should  extend  over  all  the  bare 
Chalk  slopes — or  to  rain  wash,  for  then  it  should  have  formed  rills 
scoring  the  hillsides  and  leaving  cones  of  debris  at  their  base, 
whereas  the  spread  of  it  has  all  the  uniformity  and  regularity  of  an 
even  tint  of  colour.  I  can  only  ascribe  it  to  the  one  general  cause 
to  which  I  would  assign  the  origin  of  the  Head  and  the  other  con- 
temporary drifts. 

1  GeoL  Mag.  for  1866,  p.  296. 

*  Quart  Joum.  Geol.  Soo.  ?ol.  xlrii.  (1891)  p.  155. 
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I  have  already  described  (anUa^  pp.  307-310)  other  forms  of  the 
JEtabble-drifb  in  Kent. 

These  do  not  exhaust  all  the  phases  assumed  by  this  variable 
drift,  which  includes  the  '  Head '  of  De  la  Beche,  the  '  subaetial 
beds '  of  Godwin-Austen,  the  '  angular  drift '  (in  part)  of  l[a> 
chison,  the  *  trail '  (in  part)  of  0.  Pisher,  the  *  warp '  (in  part)  of 
Trimmer,  the  *  gravels  on  slopes '  of  Tylor,  and  various  remnanti, 
which,  in  default  of  affinity  with  recognized  drifts,  have  remained 
unclassified.  It  is  probable  also  that  drift-depoaitB  that  hare 
been,  for  want  of  a  better  assignment,  referred  to  some  of  the 
river-drifts,  may  have  to  be  transferred  to  this  latter  drift;,  but  it 
would  lead  me  too  far  were  I  to  attempt  to  follow  it  farther.  My 
object  has  been  to  give  its  main  features,  and  to  name  the  localitin 
where  its  special  characters  can  best  be  seen  and  tested.  At  the 
same  time,  from  my  inability  to  revisit  all  the  ground  since  the  ex- 
planation I  have  to  propose  suggested  itself  to  me,  I  may  be  mistaken 
in  some,  but  only  a  few,  of  the  places  I  have  included. 

The  land  fauna  existing  at  the  date  of  the  Bubble-drift,  or  Head, 
and  Ossiferous  Breccia  is  probably  represented  by  the  following 
species.  To  all  appearance,  the  mammaJia,  with  possibly  one  or  two 
exceptions  (*),  were  the  same  as  those  of  the  Grower  Caves. 


Lai7D  Mollusga. 


Bythinia  tentaculata, 
Cyclostoma  elegana, 
Hdix  cotwinna. 
— -  kupida. 

nemoralia, 

pulchella. 

rufescens  (P). 

viryata. 

Iavuix  a^jireetia. 


Lintnaa  pengra, 

Planorhis  glaJber, 

aJbus, 

Pupa  marginata, 
Sucoinea  putrw, 

chUmga, 

ZnM  Utbrica. 


Mamkalia. 


Elephas  primiffenius, 

antiquns. 

Shinoceros  tichorhinus, 

megarkinus*, 

EquuB  caMlus. 
Jiiaonpriscua. 
Bos  longifrcna. 

primigenius, 

Cenms  capreohi9, 

. elapkus, 

megaoeroa. 

tarandtu. 

Of  marine  or  freshwater  shells  there  are  none. 


Ovibos  moackatua  *. 
Susacrqfa. 

Hippopotamus  mo^or. 
FeUsleo, 
Cams  lupus, 

vulpes. 

HvatM  crocuta, 
Mtutelai 
Ursus  arctos. 
ferox. 


§  8.    Ov  THE  ObIGIN  of  THS  '  Head  '  OB  BuBBLB-DBIFt. 

Various  explanations  of  the  phenomena  described  in  the  pre- 
ceding pages  have  been  suggested,  but  none  have  embraced  the 
whole  series,  nor  have  they  been  of  a  nature  to  satisfy  all  the  con- 
ditions that  arise  from  the  assumed  causes. 


Digitized  by  VjOOQ IC 


BEAjCHES,  BZC,  OF  THB  BOUTH  OF  WX&LLKD,  323 

ManteLl,  who  first  noticed  tliis  drift  in  the  Brighton  clifEs,  merely 
gave  it  the  local  name  of  '  the  Elephant  Bed '  in  consequenoe  of 
its  containing  Elephant  and  other  mammalian  remains.  He  spoke 
of  it  as  a  confused  mass  of  alluvial  materials  without  stratification,^ 
and  thought  it  might  have  been  formed  by  the  action  of  inland 
waters  after  the  communication  with  the  ocean,  which  existed  at 
the  time  of  the  old  shingle  beach,  had  been  cut  oft 

Sir  H.  Se  la  Beche,'  who  afterwards  described  the  analogous 
phenomena  in  Devon  and  Cornwall,  looked  upon  this  deposit,  which 
he  named  '  Head/  as  a  talus  formed  after  the  rise  of  the  old  beach, 
and  the  growth  of  the  submerged  forests.  He  accounted  for  its. 
formation  by  the  washing  down  from  the  slopes  of  the  adjacent 
higher  ground  (owing  to  an  excessive  and  long-continued  rainfall 
towards  the  end  of  the  Glacial  period)  of  the  debris  of  the  rocks 
disintegrated  by  the  destructive  effects  of  the  atmosphere.  He  con- 
sidered that  the  Stanniferous  Gravel  indicated  the  sudden  rush  of  a 
great  body  of  water  from  the  north. 

We  are  indebted  to  E.  A.  C.  Godwin- Austen  for  a  more  special 
investigation'  of  this  drift,  for  which  he  retained  Be  la  Beche's 
term  of^  Head/  He  noticed  ''  that  the  materiaU  are  always  strictly 
local  as  to  origin^'*  and  he  attributed  their  accumulation  to  the 
^  wash  of  a  terrestrial  surface  under  a  far  greater  amount  of  annual 
rainfall  than  we  have  at  present,''  combined  with  a  great  elevation 
of  the  land,  such  as  would  place  the  whole  of  the  higher  portions  of 
this  country  in  regions  of  excessive  cold.  He  considered  that  the 
local  angular  drift  of  Exmoor,  the  detritus  of  the  Wealden  district, 
the  broad  alluvia  of  the  Arun,  and  the  gravelly  clay  and  brick-earth 
of  the  Sussex  Coast  plain  were  formed  under  the  same  subaerial 
conditioDS ;  and  he  further  correlated  the  Eaised  Beaches  with  the 
Norwich  Crag,  and  the  overlying  drifts  and  submerged  forests  with 
the  ^*  freshwater  deposits  and  mammalian  remains  (Westleton  and 
Forest-beds)  of  the  Norfolk  coast." 

Sir  Boderick  Murchison's  paper  '  On  the  Flint  Drift  of  the  South- 
east of  England '  appeared  the  same  year.^  Considering  that  'Head' 
was  a  term  of  too  limited  significance  for  a  drift  which  was  not 
limited  to  the  Eaised  Beaches,  but  had  a  wide  spread  over  the  whole 
country,  Murchison  employed  the  more  general  term  of  ^  Angular 
Flint  Drift.'  He  contended  that,  with  a  few  exceptions  in  some  of 
the  larger  valleys,  all  the  Flint  Drift  of  the  South  of  England  was 
to  be  attributed  to  one  common  cause — that  cause  being  a  local 
cataclysm  or  wave  of  translation  resulting  from  the  sudden  eleva- 
tion and  breaking-up  of  a  large  tract  of  Chalk  and  Greensand  in  the 

^  ^Geology  of  the  South-eait  of  England '  (1833),  p.  348.  In  a  later  work 
he  describes  it  as  obsourely  stratified. 

»  •  Report  on  the  Geology  of  Oomwall,  Ac.*  (1839)  p.  432. 

*  '  €)n  the  Superficial  Aooumulatious  of  the  Coasts  of  the  English  Channel 
and  the  OhangeH  th^  indicate/  Quart  Joum.  Qeol.  Soc.  voLvii.  (1851)  p.  118; 
and  '  On  the  newer  Tertiary  Deposits  of  the  Sussex  Coast/  ibid.  toL  xiii.  (1857) 
p.  42. 

«  Quart  Joum.  GeoL  Soe.  ToL  yii.  (1851)  p.  349. 
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Wealden  area  by  earthquake-movements,^  and  the  spread  of  the 
debris  of  those  rocks  by  a  great  body  of  water  flowing  from  that 
centre  over  the  adjacent  laiids.  Subsequent  research  has  shown 
that  this  wide  generalization  cannot  be  admitted,  that  the  larger 
proportion  of  the  Flint  Drift  in  the  valleys  is  to  be  attributed  to 
fluviatile  action  during  late  Pleistocene  times,  and  that  the  drift  on 
the  Chalk  hills  is  even  of  still  earlier  date.  Murchison's  paper, 
which  was  marked  by  his  usual  power  of  observation  and  width 
of  grasp,  has  been  the  subject  of  sharp  criticisms,  but  his  critics 
overlook  the  fact  that  he  and  Godwin-Austen  were  the  first  to  point 
out  that  there  exist  in  the  South  of  England  certain  fiint-graveb, 
the  origin  of  which  could  be  explained  either  by  fluviatile  or  by 
marine  action.  Murchison  also  showed  that  these  rubble-beds 
varied  according  to  the  distance  from  their  source:  that,  while 
angular  and  chalky  in  one  place,  they  were  worn  and  non-caloareous 
in  others,  and  sometimes  passed  into  brick-earths.  But  it  is  im- 
possible to  accept  the  view  that  all  the  Flint  Drift  is  due  to  one 
sole  cause — and  that  cause  one  of  the  nature  described.  On  this 
point,  however,  I  have  reason  to  know  that  Murchison's  opinion  was 
subsequently  much  modified. 

Mr.  F.  Dixon,  in  a  work  of  later  date,  expressed  general  agree- 
ment with  the  opinion  of  Mantell,  and  remarked  that  the  calcareous 
rubble  of  the  Elephant  Bed  of  Brighton  '^  shows  etery  appearance 
of  having  been  spread  out  in  successive  horizontal  layers  by  water 
in  motion,"  but  without  specifying  in  what  manner  or  when  this 
was  done.^ 

Sir  Charles  Lyell  conceived  that  the  materiaU  of  the  Elephant 
Bed  of  Brighton  were  **  such  as  might  have  been  heaped  up  above 
the  sea-level  in  the  delta  of  a  river  draining  a  region  of  white 
chalk,"  and  that  this  delta  might  have  been  slowly  subsiding  while 
the  strata  accumulated.'  He  remarked  also  that  the  river  and  its 
tributaries  might  .have  been  occasionally  frozen  over,  so  that  the 
carrying  power  of  ice  co-operated  with  that  of  water  to  transport 
fragile  rocks  and  angular  flints.  In  a  later  edition  of  his  work 
Sir  Charles  speaks  of  this  calcareous  rubble  as  probably  contem- 
poraneous with  the  similar  rubble  in  the  clifEs  on  the  Norfolk  coast. 

Mr.  Pengelly  considers  the  Head  on  the  Devonshire  coast  to  be 
a  subaerial  accumulation  of  long  growth,  mainly  derived  from  the 
adjacent  heights,  and  that  it  is  not  a  mere  talus,*  to  which  some 
geologists  had  likened  it. 

By  other  geologists  the  accumulation  of  these  and  of  analogous 
beds  has  been  ascribed  to  the  action  of  ice  and  snow.  The  Rev.  0. 
Fisher,'  speaking  of  the  '  Trail,'  remarks  that  it  consists  ''  of  mate- 
rials transported  from  higher  grounds  in  rear,  by  some  agent"  which 

1  Op.  cit,  pp.  388  &  394. 

2  *  The  GeoW  of  Sussex,'  2nd  ed.  (1878)  by  Prof.  T.  Rupert  Jonea,  p.  79. 
>  '  Manual  of  Elementary  Geology/  6th  edit.  (1855)  p.  288. 

*  Trans.  Devon  Assoc,  vol.  ii.  (1867)  pp.  62-54. 

^  Geol.  Mag.  for  1867,  p.  193,  and  Quart  Joum.  G«ol.  Soo.  voL  xxii.  (1866) 
p.  654. 
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he  believes  to  have  been  land-ice,  and  that,  '<  whatever  its  origin 
may  be,  [it]  is  evidently  connected  with  the  last  denudation  of  the 
surface." 

Mr.  A.  Tylor  has  described  a  series  of  deposits,  accumulated  on 
slopes  by  the  action  of  water,  and  '^  separated  from  the  ordinar}* 
aqaeous  action,  such  as  is  performed  by  rivers,  lakes,  and  seas,  as 
well  as  from  ordinary  subaerial  action."  These  deposits,  in  which 
he  includes  the  '  Head '  of  Godwin-Austen,  the  '  Elephant  Bed '  of 
Mantell,  and  other  beds  equivalent  to  the  'Trail'  of  Fisher,  he 
attributed  to  intense  pluvial  action.^ 

Mr.  S.  V.  Wood'  was  of  opinion  that  the  Elephant  Bed  of 
Brighton  and  the  '  Head '  of  Portland  and  other  places  were  formed 
by  the  rills  of  water  which  resulted  from  the  periodical  thawing  of 
the  ice  and  snow,  carrying  with  them  rubble  and  land-shells  from 
the  higher  ground  above  over  the  face  of  the  cliff,  during  his  period 
of  *'  minor  glaciation.' 

Ck>L  Godwin- Austen  '  looked  upon  the  drift  bed  in  the  Guildford 
railway-cutting  as  formed  under  glacial  conditions,  and  observed 
that  *'  it  is  not  necessary  to  suppose  anything  of  the  nature  of 
a  glacier  as  we  know  them  in  Alpine  regions ;  but  what  would 
result,  if  the  cold  were  great  enough,  would  be  the  formation  of 
frozen  snow-beds  on  the  higher  grounds  lasting  through  the  heats 
of  summer,  and  such  would  be  the  exact  counterparts  of  those 
patches  of  ice,  many  square  acres  in  extent,  that  are  to  be  seen  at 
the  present  day  on  the  wide  level  plateaux  of  the  Chang  Chingmo 
in  Thibet — that  is  to  say,  solid  ice  not  more  than  20  feet  thick,  with 
aflat  but  much  broken  surface,  and  with  a  wall-like  margin  in  most 
places.  These  I  noticed  lasted  until  the  winter  snows  began  again, 
and  in  very  warm  summers  they  may  almost  entirely  disappear." 

Mr.  Ussher  ^  thinks  the  Head  affords  evidence  of  a  period  of  great 
subaerial  waste,  rain-floods,  and  a  more  rigid  climate.  Though  from 
its  general  appearance  it  ''might  be  regarded  merely  as  an  old  talus, 

shed  from  the  adjacent  heights ,  in  some  cases  fragments  have 

been  incorporated  which  could  not  have  been  derived  by  mere 
weathering,  ,but  were  probably  carried  down  by  torrential  surface- 
waters  or  melting  snows  from  higher  lands  not  far  off .  .  .  .  The 
appearance  of  stratification  sometimes  exhibited  might  be  satisfac- 
tonly  explained  by  seasonal  changes."  The  whole  marks  a  time 
of  greater  elevation  of  the  land,  producing  possibly  continental 
conditions. 

In  accounting 'f or  the  origin  of  the  dry  valleys  in  Chalk  districts, 
Mr.  Clement  Heid  suggests  that  it  was  the  debris  from  them  that 
went  to  form  the  Coombe  Eock  of  Brighton.  He  considers  that 
daring  the  period  of  great  cold  the  ground  was  frozen  to  the  depth 
of  several  hundred  feet,  and  consequently  that,  the  Chalk  being 
thereby  rendered  impermeable,  the  surface-waters,  instead  of  passing 

»  Quart.  Journ.  Gool.  Soc.  vol.  xxv.  (1869)  p.  98. 
"  Ibid,  vol.  xxxviii.  (1882)  p.  721  et  seq. 
^  Quart  Joupn.  Geol.  Soc  toI.  xL  (1884)  p.  612. 
*  *  Tbe  Post-Tertiary  Geology  of  Oomwali;  p.  42. 
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underground  as  now,  ran  off  immediately  and  formed  violent  transi- 
tory mountain-torrents,  which  tore  up  the  surfEice,  and  carried  the 
Ghalk-rubblo  to  the  mouth  of  the  valleys.  He  is  of  the  same  opinion 
as  other  writers  that  the  loam  and  flints  spread  over  the  plain  between 
Chichester  and  the  sea  are  due  to  the  same  cause  as  that  which 
formed  the  Goombe  Rook,  and  contests  the  erosion  and  wearing  back 
of  those  Chalk  vaUeys  by  ordinary  running  water — a  view  which., 
by  mistake,  he  ascribes  to  me. 

Other  geologists  would  attribute  certain  portions  of  the  Bubble 
to  waste  left  by  the  recession  of  the  hills. 


The  Eubble-drifb  or  Head  has  thus  been  referred  to — 

Ist.  The  wash  of  the  surface-debris  over  the  edges  of  the  old 
cliffs  by  an  excessive  annual  rainfall,  and  during  a  period  of 
great  cold  either  caused  by  an  elevation  of  the  land  or  due 
to  glacial  conditions. 

2nd.  The  agency  of  ice  and  snow  sliding  down  the  hill-slopes, 
aided  by  the  running  off  of  the  water  resulting  from  the 
melting  of  the  ice  and  snow. 

3rd.  A  wave  of  translation  or  a  cataclysm  caused  by  earthquake- 
movements  in  the  central  area. 

4tb.  Muviatile  and  torrential  action,  during  a  period  of  great 
cold,  aided  by  floating  ice. 

5th.  Subaerial  aotiou  in  part. 

The  idea  that  the  Head  is  a  mere  talus  caused  by  ordinary 
weathering  of  the  cliff  may  be  discarded  at  once.  The  angles  of 
slope  are  too  small  and  too  extended  from  the  base  of  the  cliff,  and 
the  mass  is  too  compact,  for  an  ordinary  subaerial  talus,  while  the 
presence  of  debris  and  occasionally  of  blocks  foreign  to  the  imme- 
diate spot  indicates  a  transport  of  the  material  from  some  point 
other  than  the  face  of  the  cliffi». 

1.  To  the  first  of  the  above  explanations  there  is  the  objection 
that  the  rain  would  at  once  run  off  along  the  lines  of  lowest  level, 
and,  in  the  course  of  time,  these  channels  would  be  worn  into 
gullies  more  or  less  deep^  and  the  d^ris  carried  down  through  them 
would  be  spread  out  fan-shaped  at  their  end,  as — to  compare  small 
with  great  things — in  the  case  of  the  great  cones  of  debris  in  the 
Upper  Indus  basin  described  by  Mr.  F.  Drew.^  The  edge  of  the 
cliffd  and  the  heights  above  would  in  such  a  case  be  scored  by  these 
gullies,  and  *  cones  of  dejection '  be  formed  at  given  intervals ;  but 
no  such  water-channel  and  no  such  *  cones  of  dejection '  exist  in  the 
face  of  these  old  cliffs.  The  drift  follows  the  line  of  pre-existing 
slopes  and  coombes,  which  it  may  have  deepened,  but  in  which  it 
has  not  eroded  special  channels  ;  the  edges  of  the  cliffs  present,  so 
far  as  can  be  seen,  one  unbroken  line,  and  the  rubble  extends  in 
a  mass  of  uniform  character  the  whole  length  of  that  line, — results 

^  Qaart  Joum.  Geol.  See.  voL  zzix.  (1873)  p.  441. 
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which  could  have  been  produced  only  by  the  sweep  of  a  far-reaching 
broom.  Further,  debris  (and  bones  more  especially),  if  carried  down 
by  swollen  streams,  and  subject  to  frequent  and  much  exposure, 
must  inevitably  have  been  more  or  less  worn,  whereas  both  retain 
the  sharp  angles  of  fracture.  All  observers  agree  upon  the  sharp- 
ness of  the  harder  debris  and  the  absence  of  wear  on  the  bones. 

With  regard  to  deposits  formed  on  a  Chalk  surface  those  objections 
are  of  still  greater  force,  for  the  wear  of  the  rock  would  be  more 
rapid,  and  more  deeply  cut  gullies  would  result.  In  either  case  it 
is  not  easy  to  see  how  the  delicate  land-shells  found  in  this  rubble 
could  have  escaped  without  injury,  or  rather  destruction,  or  how  to 
account  for  the  presence  of  the  mammalian  remains  in  the  condition 
in  which  they  are  found.  Their  presence  there  at  all  is  unac- 
countable, whether  on  the  supposition  that  the  animals  were  carried 
down  by  freshets,  or  that  their  remains  had  been  left  after  death 
on  the  spot  where  they  died.  In  the  one  case  they  would  not  have 
been  dispersed  as  they  now  are,  and  in  the  other,  if  by  chance  they  had 
escaped  injury  from  predaceous  animals,  they  must  have  been  more  or 
less  weathered — but  of  neither  do  they,  as  a  rule,  show  any  traces. 

2.  The  agency  of  ice  and  snow  is  open  to  fewer  objections.  By 
this  means  debris  might  be  propelled  over  the  edge  of  the  cliff 
along  its  whole  face,  without  wearing  very  definite  channels,  but  in 
times  of  thaw  the  escape  of  the  surface-waters  must  have  ended 
in  producing  results  analogous  to  those  caused  by  heavy  rainfalls. 
By  ice  and  snow  the  rubble  might  also  have  been  driven  over 
smaller  gradients  and  to  a  greater  distance  beyond  the  cliff,  but  I  doubt 
whether  it  could,  as  at  Godrevy  (aniea,  p.  281),  have  been  propelled 
for  a  distance  of  above  200  feet  from  the  face  of  a  cliff;  for  the  cliff 
is  not  more  than  40  feet  high,  and  the  hill  at  the  back  does  not  rise 
higher  than  150  feet,  and  that  at  a  distance  from  it  of  some  250  feet. 
Brides,  the  slope  of  the  rubble  does  not  exceed  an  angle  of  10^  to 
12°,  whereas  the  augle  of  repose  of  loose  gravel  is  40°  and  that  of 
rubble  45%  though  these  would  be  somewhat  diminished,  but  not  to 
that  extent,  by  the  greater  fluidity  of  the  mass  produced  by  the 
snow.  Nor  would  a  sludge  of  ice,  snow,  and  rock-debris  in  motion 
be  more  favourable  than  running  water  for  the  preservation  of  the 
land-shells  and  mammalian  bones. 

Another  difficulty  in  the  way  of  the  ice-and-snow  hypothesis  is 
the  small  size  of  the  areas  (at  times  to  be  measured  by  acres, — see 
PL  YII.  figs.  3, 5)  that  form  the  centres  of  dispersion,  and  the  small 
gradients  and  short  lengths  of  the  slopes.  It  is  very  different  in  a 
mountainous  district,  where  the  frozen  masses  are  large  and  the 
slopes  steep;  but  with  the  gentle  slopes  of  the  South  Downs 
(PI.  Vn.  fig.  2)  how  would  the  winter's  ice  and  snow  on  them  have 
been  equal  to  the  propulsion  of  the  debris  of  flints  and  loam  across 
the  Sussex  Coast  plain — a  distance  of  from  2  to  5  miles  over  a  com- 
paratively level  surface  ?  Or,  to  take  the  case  of  the  Isle  of  Portland, 
is  it  likely — with  its  length  of  3  miles  and  its  gradient  of  about 
1  in  40  feet — that  the  ice  and  snow  could  have  forcibly  driven  down 
the  Head  in  one  direction  over  the  Eaised  Beach  souUiward,  and  in 
the  other  direction  have  sent  the  large  mass  of  Chesilton  debris  north- 
Q.J.G.S.  No.  190.  z 
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ward  ?  Even  in  the  case  cited  by  Mr.  Drew,  where  the  mountains 
rise  several  thousand  feet  above  the  vaUey,  the  cones  of  dejection  do 
not  extend  more  than  1  mile  from  the  point  of  discharge,  while 
at  the  base  of  the  cones  the  debris  has  a  thickness  of  500  feet. 
Nor  is  it  possible  that  either  snow  or  rainfall  on  open  ground  could 
have  transported  the  huge  blocks  found  in  the  Head. 

For  these  reasons  I  do  not  think  that  either  of  those  subaerial 
agencies,  although  meeting  some  of  the  conditions  of  the  case,  would 
suffice  to  account  for  the  whole  of  the  phenomena,  and  on  the  other 
hand  they  must  also  have  led  to  results  which  are  not  in  accordance 
with  the  known  facts. 

3.  While  agreeing  with  much  of  Murchison's  reasoning,  there  is, 
besides  the  objections  already  named,  the  question  whether  his  hypo- 
thesis does  assign  an  adequate  cause  for  ihe  origin  of  the  Head  and 
analogous  deposits.  It  certainly  suggests  a  force  adequate  to  drive 
a  drift  of  flints  and  clay  a  considerable  distance  over  nearly  level 
surfaces,  tumultuous  enough  to  fracture  the  bones,  and  yet,  owing 
to  its  short  duration  and  being  subaqueous,  productive  of  less  wear 
of  the  rubble.  The  cause  assigned  is,  however,  obscure  and  not 
supported  by  the  evidence.  Nevertheless,  Murchison's  paper  is 
a  valuable  contribution  to  the  subject,  and  touches,  I  believe,  the 
true  keystone  in  assuming  the  Head  to  be  the  result  of  disturbed 
accumulation  under  water  and  due  to  a  widespread  cause. 

4.  Lyell  rightly  considered  that  the  Head  (as  seen  at  Sangatte) 
extends  too  far  from  the  old  clifis  to  have  been  a  mere  talus,  but  he 
adduces  no  evidence  in  support  of  fluviatile  agency  in  the  structoie 
of  the  Brighton  rubble,  nor  of  traces  of  river-deposits  in  any  of  the 
valleys  at  the  back  of  Brighton.  At  that  time  the  configuration  of 
the  surface  was  nearly  the  same  as  at  present ;  therefore,  even  had 
the  strata  been  impermeable,  the  very  limited  drainage-area  of  those 
valleys  could  only  have  given  rise  to  small  streams.  But,  with  a 
substratum  of  Chalk,  no  permanent  river  could  have  existed,  for 
the  water-level  would  have  been,  then  as  now,  below  the  level 
of  the  valleys,  and  the  rain  falling  on  that  area  must  have  passed 
underground  and  escaped  on  the  shore-line,  as  it  does  at  present, 
leaving  the  upper  valleys  dry,  with  the  water-level  at  a  depth  of 
50  to  100  feet  beneath  the  surface.  Occasionally  bourns  might 
have  broken  out  in  the  lower  part  of  the  valleys,  but  nothing  more. 

There  is  no  doubt  that  during  a  period  of  much  cold  the  rain- 
waters would  run  at  once  from  off  the  frozen  surface  of  the  Chalk 
hills,  but  that  is  not  sufficient  to  prove  Mr.  Clement  Reid's  suggestion, 
which  also  is  based  upon  sections  in  the  Chalk  area  alone,  and  does 
not  take  cognizance  of  the  general  phenomena  in  other  localities. 
Besides  being  liable  to  some  of  the  objections  I  have  urged  in  the 
other  cases,  such  as  the  condition  of  the  organic  remains,  the 
fluvial  interpretation  of  LyeU  and  Mr.  C.  Beid  would  centre  the 
'Heads '  at  the  mouths  of  valleys,  whereas  their  chief  development 
is  at  the  base  of  slopes  connected  with  hill-ranges. 

We  must  therefore  seek  for  some  other  explanation  than  these  to 
account  for  the  origin  of  the  Eubble-drifb  forming  the  Head  and 
the  contemporary  inland  drifts. 
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§  9.  Theoretical  Considerations  :  The  RxrBBLB-DRiFT  dtte  to 

A  WIDE  SuBMBROENCB  OF  THE  LaND. 

The  points  on  which  all  the  geologists  who  have  treated  of  this 
drift  in  any  form  agree  are : — 

1.  The  angularity  and  sharpness  of  the  harder  constituent  debris. 

2.  The  derivation  of  all  the  materials  from  the  higher  ground 

behind  the  Kaised  Beaches. 

3.  The  absence  of  marine  and  fluviatile  shells. 

4.  The  occasional  presence  of  mammalian  bones  and  land-sheEs. 

5.  The  want  of  regular  stratification. 

It  is  obvious  from  the  above  that  we  may  at  once  dismiss  marine 
and  fluviatile  agency,  and  although  subaerial  agency  has  its  claims, 
it  is  clear  that  it  fuls  in  many  essential  particulars.  We  require  a 
cause  that  will  not  only  account  for  all  the  above-named  results,  but 
one  that  also  must  not  involve  other  consequences  at  variance  with 
the  assumed  cause.  The  cause  I  would  suggest  is  not  free  from 
difficulties,  especially  in  connexion  with  the  subsequent  distribution 
of  life.  These,  however,  need  separate  enquiry,  and  are  not,  I  am 
satisfied,  incapable  of  solution.  On  the  other  hand,  my  hypothesis 
will,  I  think,  be  found  to  answer,  in  the  purely  geological  and 
physical  points,  to  all  the  conditions  of  the  case. 

The  elevation  of  the  land  to  a  height  of  2000  feet  or  more  was 
a  suggestion  made  in  order  to  account,  by  the  greater  cold  to  which 
the  land  would  thereby  be  exposed,  for  such  a  surface-disintegration 
as  would  supply  the  large  quantity  of  detritus  forming  the  Head. 
But  that  object  must  have  been  attained  independently  by  the 
exposure  of  the  surface  during  the  preceding  severe  Glacial  times. 
Nor  is  there  anything  in  the  resulting  land-conditions  to  show  the 
need  of  so  great  an  elevation.  Had  the  land  been  raised  to 
the  great  he^ht  named,  the  river-channels  in  their  lower  reaches 
would  have  been  excavated  to  a  depth  corresponding  with  the 
altitude  of  the  land.  Of  the  actual  depth  of  the  river-channels  at 
those  times  we  have  opportunities  of  judging  by  the  depth  of 
the  tin-streams  in  the  valleys  of  Cornwall,  and  by  the  excavations 
for  the  Tilbury  Docks.  The  Cornish  sections  show  that  in  no  case 
does  the  bed  of  the  river-channels  underlying  the  Stream-tin  gravel 
exceed  80  feet  below  present  high-tide  level ;  while  the  old  bed  of 
the  Thames,  beneath  its  gravel  and  alluvial  covering,  does  not  exceed 
70  feet  in  depth.  If  we  add  to  this  the  difference  between  the  level 
of  the  old  Beaches  and  of  the  present  high-water  mark — say, 
20  feet  on  the  average — ^it  would  show  that  the  elevation  need 
not  have  exceeded  100  feet.  This,  or  a  little  more,  would  have 
given  quite  sufficient  height  to  the  land  for  the  growth  of  the 
forests  on  the  surface  of  the  Stanniferous  gravels  in  Cornwall  and 
on  the  surface  of  the  basement-gravels  in  the  Thames  Valley.  This 
limit  agrees  also  with  the  estimate  of  about  120  feet  based  on  the 
presence  of  the  old  Dunes,  whereas  at  a  height  of  2000  feet  the 
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Beaches  would  have  been  out  of  the  reach  of  the  blown  sands  that 
overlie  the  Eaised  Beaches  of  Cornwall  and  Devon,  and  the  valleys 
would  have  been  much  deeper.  Taking  the  concurrent  testimony  of 
the  two  facts,  I  would  conclude  that  the  elevation  of  the  land  after  the 
formation  of  the  Eaised  Beaches  did  not  exceed,  if  it  attained,  120  feet 

It  will  be  seen  by  reference  to  the  Map  (PL  YIIL)  that  even  this 
extent  of  elevation  would  have  converted  large  tracts  of  the  Bristol 
and  English  Channels  into  dry  land  and  the  old  sea-coast  into  a  line 
of  inland  difTs.  In  the  face  of  these  cli£&  the  Caves  on  the  Gower 
coast,  formed  by  the  waves  and  surface-waters  at  the  time  of  the 
Eaised  Beaches,  now  became  the  resort  of  the  group  of  mammalia 
of  which  the  list  is  given  on  p.  306,  and  of  which  we  have  no  further 
traces  except  in  the  Eubble-drift  that  overlies  both  Caves  and 
Beaches.  It  was  at  this  time  also  that  the  old  Dunes  drifted  on  the 
Beaches.  Those  sands  are  therefore  contemporary  with  the  Caves, 
and  mark  another  period  of  lengthened  rest. 

Thus  far  the  order  of  the  successive  changes  is  dear,  whDst  the 
succession  of  life  seems  to  have  been  continuous  from  early  Qua^ 
ternary  times.  We  now  come  to  a  stage  showing  a  marked  break, 
caused  by  the  interposition  of  the  Eubble-drift.  There  are  no 
passage-beds  between  the  stage  just  described — ^with  its  Dunes, 
Caves,  and  lower-level  valley  deposits — and  the  alluvial  and  shingl&- 
beds  which  rest  immediately  on  the  Eubble-drift.  Whatever  may 
have  been  the  lapse  of  time  represented  by  the  break,  there  is 
no  evidence  beyond  that  afforded  by  the  Eubble-drift.  It  is  not 
represented  by  any  known  sedimentary  deposits,  and  the  alluvial 
beds,  which  in  all  instances  are  next  in  stratigraphical  sucoession, 
show  a  complete  break  in  structure  and  in  continuity  of  life. 
The  change  is  great  and  comparatively  sudden.  I  do  not  mean 
sudden  in  the  old  sense  of  the  word,  but  that  the  change  was  effected 
in  a  comparatively  short  space  of  time  geologically  speaking. 

We  have  only  to  take  the  evidence  of  facts,  as  tiiey  present  them- 
selves in  this  case,  to  recognize  the  remarkable  revolution  effected  by 
the  intrusion  of  the  Eubble-drifb  or  Head  which  separates  the  two* 
stages,  and  which  occupies  a  position  discordant  with  the  deposits 
which  both  precede  and  succeed  it.  Moreover,  whereas  those  marine 
and  river  deposits  have  a  general  horizontal  bedding,  and  occupy  in 
given  areas  definite  zones,  the  Eubble-drifb  lies  on  the  slopes  of 
hills  at  all  angles  and  at  all  levels,  and  only  assumes  a  horizontal 
position  when  it  reaches  the  adjacent  plain  or  valley. 

At  Folkestone  the  '  Chalk-and-flint  rubble'  descends  from  the 
slope  of  the  Chalk  escarpment,  and  must  originally  have  reached  the 
shore.  Amongst  the  Chalk  hills  of  Mid  Kent  it  ascends  to  heights 
of  400  and  500  feet  and  descends  to  the  Thames  level.  The  blocks 
of  Tertiary  sandstone  and  flint-pebbles  in  the  Eabble  cliff  at  Brighton 
could  only  have  been  derived  from  those  outliers  of  the  Tertiary^  strata 
which  lie  in  patches  on  the  Downs  at  heights  of  frcm  500  to  600  feet : 
and  Murchison  states  that  <' towards  the  higher  portions  of  the 
Downs''  Mr.  Hennah  discovered  many  years  ago  the  bones  of 
Ulephas  and  Cennu  in  an  angular  flint-drift  in  one  of  the  cavities  of 
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the  Chalk.^  The  Bubble-drift  at  Chesilton  on  the  northern  end  of 
Portland  rises  from  the  shore  to  the  height  of  200  feet.  In  Devon 
this  drift  occurs  on  the  high  slopes  of  Exmoor  and  Dartmoor,  and 
in  Cornwall  it  descends  from  the  summit  of  Beacon  Hill  (600  feet) 
to  its  lower  slopes.  The  great  mass  of  rubble,  that  extends  over  the 
Chalk  plain  above  Didcot  to  a  height  of  400  feet  or  more,  comes 
from  strata  which  southward  rise  100  to  200  feet  higher.  In  Gower 
the  Head  at  Bhos  Sili  is  derived  from  hills  behind,  rising  abruptly 
several  hundred  feet  above  the  Beach  terrace ;  while  the  highest 
well-marked  instances  of  this  drift  are  those  (the  so-called  Old 
Beaches)  on  the  Gotteswold  Hills  which  attain  a  height  of  from  800 
to  900  feet. 

It  is  evident  that  the  force — whatever  it  was — ^which  determined 
the  formation  of  the  Bubble-drift  acted  from  above  downwards. 
This,  under  certain  circumstances,  might  have  been  the  result  of  the 
descent  from  the  hill  tops  of  ice  and  snow,  or  of  water.  Ice  might 
have  acted  in  some  respects  in  accordance  with  the  observed  phe 
nomena,  but  in  other  respects  there  are  the  objections  I  have  already 
named ;  and  with  regard  to  rain  and  surface-waters,  the  results  are, 
as  I  have  shown,  irreconcilable  with  their  agency.  But  there  is 
another  form  under  which  we  may  consider  the  action  of  water,  and  . 
this,  although  not  free  from  objections,  answers  to  all  the  physical 
conditions  of  the  case. 

It  is  that  of  water  in  a  body,  not  moving  rapidly  over  the  surface 
as  in  a  wave  of  translation,  but  displaced  from  a  state  of  rest,  while 
the  land  is  in  process  of  elevation  from  beneath  it.  There  i;^  the 
objection,  amongst  others,  to  a  wave  of  translation  that  it  would 
carry  the  debris  in  one  prevailing  direction,  and  in  each  locality  we 
should  have  foreign  elements  more  or  less  largely  introduced,  and 
the  drift  assuming  a  '  crag-and-tail '  arrangement  behind  the  hills ; 
whereas  no  such  distribution  prevails,  but  on  the  contrary  we 
have  in  the  area  we  have  described  a  number  of  local  centres  from 
which  the  drift  diverges  in  different  or  in  quaquaversal  directions 
and  combines  in  the  intervening  valleys.  This  is  a  result  which 
would  necessarily  follow  on  the  emergence  of  land  from  beneath  a 
body  of  water,  and  such  seems  to  me  the  most  probable  solution 
of  the  problem  we  have  before  us. 

I  am  therefore  led  to  suppose  that  a  submergence  of  the  land 
which,  judging  from  the  heights  at  which  the  Bubble-drift  is  found, 
could  not  have  been  less  than  1000  feet,  followed  immediately  upon 
the  epoch  of  the  low-level  valley  drifts  and  the  Caves.  There  is 
little  or  nothing  to  show  as  a  direct  consequence  of  the  submergence. 
The  land  over  which  the  waters  spread  seems  to  have  undergone 
but  trifling  alteration  or  denudation.  The  Baised  Beaches  exhibit  in 
consequence  thereof  no  apparent  erosion,  and  the  Blown  Sands  only 
slight  denudation ;  and  tfals  may  be  due  to  the  impact  of  the  Head. 
It  is  even  difficult  to  say  whether  their  irregular  thickness  and 
eroded  surface  resulted  during  the  submergence  or  emergence  of 
the  land.  I  can  only  conclude  that  the  submergence  was  slow  and 
>  Quart  Journ.  GKwl.  Soc  vol  rii.  (1851)  p.  367. 
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gradual,  yet  sufficiently  rapid  to  prevent  wave-action  from  removing 
*  the  whole  of  the  Blown  Sands,  or  from  forming  terraces,  which  it 
would  have  done  had  the  fall  heen  prolonged  or  subject  to  long 
interruptions.  For  the  same  reason  no  portion  of  the  strand  was 
washed  on  to  the  land. 

The  absence  of  marine  shells  in  the  submerged  land  may  seem  a 
difficulty.  Had  the  submergence  been  of  long  duration,  a  marine 
fauna  would  necessarily  have  established  itself;  and  I  can  only 
account  for  its  absence  by  supposing  that  re-«levation  followed,  after 
but  a  short  interval,  on^the  previous  subsidence.  The  physical 
results  of  that  elevation  are  sufficiently  definite  to  justify  oar 
assumption,  and  are  explanatory  of  the  conditions  under  which  it 
was  in  all  probability  e£fected. 

Mr.  Hopkins  ^  has  shown  that  if  a  considerable  area  at  the  bottom 
of  the  sea  were  suddenly  elevated,  a  wave  of  translatum  accompanied 
by  a  current,  the  velocity  of  which  would  depend  principally  upon 
the  depth  of  the  sea,  would  diverge  in  all  directions  from  the  central 
disturbance.  Calculations,  he  says,  ^^  prove  beyond  all  doubt  that 
paroxysmal  elevations,  beneath  the  sea,  varying  from  50  to  100  feet 
in  height,  may  produce  currents  of  which  the  velocities  shall  vary  from 
at  least  5  or  6  to  15  or  20  miles  an  hour,  provided  the  depth  of  the 
sea  do  not  exceed  800  or  1000  feet.''  In  considering  the  magnitude 
of  the  blocks  which  might  be  moved,  he  found  that  the  force  exerted 
on  a  surface  of  given  magnitude  increases  as  the  square  of  the  velocity^ 
and  that  it  "  varies  as  the  sixth  power  of  the  velocity  of  the  current^ 
£ut  the  movements  must  be  repeated  for  large  blocks  to  travel 
beyond  short  distances. 

It  is  evident  that  we  have  in  this  form  of  disturbance  an  engine 
of  enormous  power  ;  and  though  our  hypothesis  does  not  deal  with 
the  great  changes  and  powerful  currents  contemplated  by  Mr. 
Hopkins,  we  may  infer  what  the  results  might  be  with  even  a 
fractional  proportion  of  such  changes.  Movements  of  this  character 
would,  like  Nasmyth's  hammer,  be  capable  at  times  when  the  uplift 
was  rapid  of  exerting  enormous  force ;  while  at  other  times,  when  the 
uplift  was  slow,  the  action  might  be  of  the  most  gentle  character. 
Hopkins's  calculations  were  made  for  one  central  area  of  elevation, 
and  dealt  with  surrounding  level  surfaces.  In  the  case  before  us 
the  area  of  elevation  consisted  of  a  variable  and  uneven  land-surface, 
so  that  each  hill  or  group  of  hills  formed  a  centre  for  the  divergent 
currents,  the  velocity  of  which  would  further  vary  according  to  the 
varying  gradients  and  lengths  of  the  slopes. 

It  follows  from  these  premises  that  the  character  of  the  deposits 
formed  under  such  circumstances  will  afford  a  relative  measure  of 
the  velocity  and  duration  of  the  currents  under  which  they  were 
accumulated.  Where,  lor  example,  the  sediment  is  fine,  we  may 
conclude  that  the  velocit}^  was  slow  and  the  rise  which  gave  origin 
to  it  small.  When,  on  the  contrary,  the  materials  are  coarse,  we 
may  suppose  the  rise  to  have  been  more  rapid  and  the  velocity  of 
the  current  greater.  Where,  again,  large  blocks  have  been  trans- 
1  Quart.  Journ.  Geol.  Soc.  vol.  iv.  (1848)  p.  90. 
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ported,  a  more  energetic  movement  is  made  manifest.  Some  indi- 
cation also  of  the  duration  of  the  uplift  is  afforded  by  the  mass  of 
the  material  moved  and  distance  traversed. 

The  effects  produced  by  this  re-elevation  of  the  land  were 
necessarily  simultaneous  throughout  the  whole  of  the  disturbed  area, 
but  varied  with  the  depth  of  water  and  the  gradients  of  the 
ground,  so  that  the  sweep  of  the  Oolitic  debris  on  the  summit  of 
the  Cotteswolds  proceeded  concurrently  with  the  first  drifting-in  of 
the  Chalk-rubble  at  Brighton  ;  but  while  the  growth  of  the  former 
ceased  with  its  early  emergence  above  the  water,  the  latter  was 
prolonged  to  the  last  stage  of  the  emergence,  and  therefore  affords 
an  index  of  the  changes  going  on  during  the  whole  period  of 
elevation.  As  the  Brighton  section  (antea^  fig.  3,  p.  268)  varies  with 
every  fall  of  diff,  and  all  the  points  are  rarely  seen  together  on 
each  occasion,  my  meaning  will  be  best  illustrated  by  a  diagram. 

Pig.  20. — Diagram  showing  the  suecesnve  increments  in  the  forma- 
tion of  the  Head  where  the  strata  are  of  variable  resistance^  as 
in  a  Chalk  district. 


The  dark  lines  represent  the  coarser  and  heavier  detritus  of  angular  flint- 
fragmeuts  mingled  with  Chalk-rubble— sometimes  in  large  proportion,  at 
other  times  so  small  as  to  leave  scarcely  anything  but  a  mass  of  sharp 
broken  flints.  The  white  spaces  represent  Chalk-rubble  with  few  or  no 
flints,  and  sometimes  so  fine  as  to  pass  into  a  pure  marl,  occasionally 
laminated. 

These  beds  succeed  one  another  without  any  definite  order,  and 
it  is  difficult  to  say  how  many  there  may  be — possibly  not  less  than 
12  or  more. 

The  coarser  beds  indicate  the  action  of  the  stronger,  and  the  finer 
beds  that  of  the  more  gentle,  effluent  currents.  Each  of  these  may  be 
taken  to  indicate  an  elevatory  movement  more  or  less  rapid.  There 
may  have  been  intervals  when  the  movement  was  so  slow  as  not  to 
give  rise  to  any  effective  currents,  or  there  may  have  been  short 
intervals  of  rest.  The  whole  series  is  continuous,  and  the  beds,  as 
it  were,  interdigitate  with  one  another. 

Judging  from  this  strucfcure,  we  may  infer  that  at  times  the  rise 
of  the  land  from  beneath  the  sea  proceeded  with  sufficient  rapidity 
to  cause  the  effiuent  waters  to  carry  masses  of  flints  and  coarse 
Cbalk-rubble  over  the  cliff  from  the  slope  of  the  hills  behind,  and 
even  to  roll  down  occasionally  blocks  of  Tertiary  sandstone  from 
the  higher  ground  at  a  distance  of  one  or  two  miles  from  the 
coast ;  while  at  other  times  it  proceeded  so  slowly  that  only  the 
finer  sediment  was  removed  from  the  same  surface.     It  is  evident 
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that  it  was  not  one  uniform  uplift,  bat  that  the  rise,  though  on  the 
whole  continuous,  was  sometimes  slow,  and  at  other  times  com- 
paratively rapid,  the  maximum  uplift  and  force  being  displayed  in 
the  final  stage  x.  This  last  addition  to  the  Head  filled  up  all 
previous  hollows,  and  levelled  the  surface  flush  with  the  summit  of 
the  cliff,  though  no  doubt  the  uneven  underlie  of  this  top  bed  in 
Chalk  districts  has  been  increased  by  the  percolation  of  surface- 
waters.  The  force  with  which  this  last  bed  has  been  propelled 
downwards  has  often  driven  back  a  portion  of  the  debris  upon  itself 
— a  reversal  particularly  well  shown  at  Portland  Bill  {antea^  p.  277), 
and  at  Chesilton,  where  a  tongue  of  Kimmeridge  Clay,  20  to  30  feet 
high,  is  squeezed  up  from  the  bed  beneath  by  the  impact  of  the 
rubble  on  the  soft  day.^ 

The  well-marked  alternation  of  fine  and  coarse  n^aterlals  is 
confined  to  areas  where  the  substrata  consist  of  soft  alternating 
with  hard  beds,  such  as  the  Chalk- with-flints.  Where,  as  in  Devon 
and  Cornwall,  the  substrata  consist  entirely  of  hard  rocks,  no  such 
divisions  are  at  first  sight  apparent.  Nevertheless,  traces  of  these 
divisional  planes  generally  exist  in  the  form  of  thia,  intercalated 
seams  of  smaller  rubble  or  of  sand  and  loam.  At  Falmouth,  as 
before  mentioned,  there  are  five  beds  of  impalpable  sand  inter- 
calated in  the  Head.  In  the  sketches  drawn  by  De  la  Beche  this 
form  of  structure  is  sufficiently  apparent ' ;  Mr.  IJssher  also  speaks 
of  the  Head  presenting  in  several  instances  a  stratified  appearance 
with  a  seaward  inclination.  In  some  places,  however,  the  Head 
has  the  appearance  of  a  homogeneous  deposit  without  divisions.  In 
no  case  is  there  any  appearance  of  a  break  in  continuity  between 
the  successive  layers. 

There  are  instances  where  the  force  of  the  currents  and  their 
frequent  renewal  have  been  sufficient  to  carry  the  debris  over  the 
comparatively  flat  plain  at  the  foot  of  the  hills,  as  on  the  coast  of 
Sussex  between  Brighton  and  Pagham,  and,  in  a  less  degree,  between 
Eastbourne  and  Pevensey.  The  long  trail  of  flint-rubble  in  many 
of  the  dry  Chalk  valleys  may  be  ascribed  to  the  same  cause.  These 
trails  rarely  contain  any  organic  remains  in  their  upper  course,  though 
there  is  a  notable  exception  at  Green  Street  Green  ;  but  where  they 
shoot  out  into  the  main  river-valley,  and  the  velocity  of  the  current 
has  been  checked,  as  at  Faversham,  Upchurch,  &c.,  mammalian 
remains  are  of  common  occurrence. 

Where  a  cavity  or  terrace  has  been  traversed  by  this  drift  in  its 
descent  from  the  higher  ground,  it  has  filled  up  the  one  or  lodged 
on  the  other,  as  on  the  eastern  slope  of  the  Malvems  (p.  316),  and 
on  the  Chalk  plain  at  Chiltern  (PI.  VII.  fig.  4).  Minor  instances 
have  been  cited  at  Chilworth  and  at  Sandling.  A  similar  cause  has 
led  to  the  masking  of  many  Caves,  where  the  entrance  is  on  the 
slope  of  hills,  as  at  Brixham,  or  in  the  face  of  a  bluff  with  higher 
ground  above.  The  great  stream  of  Tertiary  sandstone-blocks 
(sarsenstone)  iq  the  Chalk  valleys  near  Marlborough,  and  in  several 

^  See  Quart.  Journ.  Geol.  Soc.  toI.  xxri.  (1876)  p.  38,  fig.  6. 
^  *The  Geological  Obeorver/  Ist  ed.  pp.  526-27. 
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lesser  valleys  on  the  northern  slopes  of  the  same  Chalk  range, 
would  readUy  be  accounted  for  by  the  same  cause.  The  red  loam- 
with-flints  before  mentioned,  carried  down  from  the  Bed  Clay-with- 
flints  on  to  the  slopes  of  the  Chalk  hills  in  many  parts  of  Kent,  is 
explicable  in  the  same  way.  It  would  swell  this  paper  to  too  great 
dimensions  were  I  to  describe  the  innumerable  instances  of  the 
occmrence  of  this  drift  in  the  South  of  England.  I  have  marked 
some  of  the  most  notable  on  the  Map  (PJ.  VIII.),  and  have  in  each 
case  indicated  the  direction  of  the  current  by  an  arrow. 

OuiftrfAU  Fissures. — Nor  do  I  see  any  other  explanation  that  so 
well  meets  all  the  conditions  of  the  ossiferous  breccia  in  the  fissures 
of  the  limestones  of  Devonshire  and  Pembrokeshire.  The  use  of 
the  term  '  cavern '  in  speaking  of  these  fissures,  which  stiU  pre- 
vails,^ is  misleading.  In  a  few  instances,  the  open  fissures  may  have 
been  the  resort  of  animals  before  they  were  filled  by  detritus,  though 
that  is  doubtful.  De  la  Beche  used  the  better  term  of  '  Ossiferous 
Fissures.'  Still  Buckland  spoke  of  the  bones  occurring  in  caverns,^ 
but  he  made  his  meaning  clear  in  a  subsequent  page  (p.  73)  when  he 
said :  "  The  bones  appeared  to  us  to  have  been  washed  down  from 
above  at  the  same  time  with  the  mud  and  fragments  of  limestone, 
through  which  they  are  dispersed ;  they  were  entirely  without  order, 
and  not  in  entire  skeletons ;  occasionally  fractured,  but  not  rolled." 
Dr.  fiuckland  also  noticed  that  in  one  of  the  fissures  at  Oreston  the 
drift  ^^  was  stratified,  or  rather  sorted  and  divided  into  laminsB  of 
sand,  earth,  and  day,  varying  in  fineness,''  but  all  referable  to  the 
surface  of  the  adjacent  district. 

The  fissures  are  sometimes  vertical,  at  other  times  inclined. 
Mr.  Pengelly  remarks  that  at  Oreston  the  bones  occur  alike  '*  in  the 
cemented  and  uncemented  portions  of  the  bed.  They  were  found 
alike  at  all  heights  or  levels,  in  the  lumps  of  breccia,  in  the  pure 
stalagmite  between  them,  and  in  the  looser  and  less  coherent  portion 
of  the  accumulation,  thereby  suggesting  that  the  cavern  was 
slowly  and  gradually  filled  with  limestone-debris  .  .  .  with  occa- 
sional pauses  or  periods  of  cessation ;  the  proof  of  such  pauses  being 
the  frequent  presence  of  the  portions  of  pure  stalagmite  separating 
series  of  brecciated  masses  .  .  .  lying  one  above  another  in  the 
same  nearly  vertical  plane." ' 

I  need  add  nothing  to  these  passages,  for  they  accurately  describe 
the  character  of  the  breccia  and  the  position  of  the  bones.  But,  not 
having  been  fortunate  enough  to  be  at  Oreston  at  the  time  when 
bones  were  found  there,  I  felt  a  little  doubt  about  the  meaning  to 
be  attached  to  the  terms  '  cavern  '  and  '  stalagmite.'  Mr.  Pengelly 
informs  me,  however,  that  in  the  use  of  these  terms  he  by  no  means 
intends  to  imply  that  besides  the  ossiferous  fissures  there  had  been 
caves  '*  inhabited  by  man  or  any  of  the  inferior  animals,"  and  that 
he  has  no  doubt  the  fissures  were  filled  in  from  above. 

Similar  fissures,  fiUed  by  the  introduction  of  accumulations  through 

^  Phillips's  '  Manual  of  Geology/  new  ed.  (1885)  vol.  ii.  p.  686. 

'  '  Beliquiie  Diluvianae/  p.  67. 

»  '  The  Geologist  *  for  1859,  p.  442. 
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vertical  openings  communicating  with  the  surface,  in  several  adjacent 
limestone  districts  are  also  described  by  him.  There  was  one  at 
Brixham  27  feet  high,  in  which  bones  of  Cave  animals  were  extremely 
abundant  and  in  excellent  preservation.  Another  in  Warren  Road, 
Torquay,  was  140  feet  high,  measured  along  its  inclination  of 
40°  E.S.E.  Others  traverse  Daddy's  Plain  and  the  hills  between 
Anstey's  Cove  and  Babbacombe.  As  it  is  generally  in  quarrying 
that  these  fissures  are  discovered,  it  is  obvious  that  many  must  escape 
notice. 

The  angularity  and  local  character  of  the  rock-fragments  com- 
posing the  breccia,  the  broken  and  splintered  condition  of  the  bonee, 
the  sharpness  of  their  fractured  edges,  their  frequent  fresh  state, 
and  the  absence  of  wear  or  traces  of  gnawing,  show  the  dose 
analogy  between  the  Rubble-drift  or  Head  and  the  Ossiferous  Breccia, 
and  indicate  a  similarity  of  origin.  The  occasional '  sorting '  of  the 
deposits  spoken  of  by  Buckland,  and  the  '*  occasional  pauses  or  periods 
of  causation "  of  Mr.  Fengelly,  exactly  tally  with  the  successive 
additions  to  the  Elephant  Bed  of  Brighton,  as  a  result  of  intermittent 
uplifts,  and,  consequently,  of  intermittent  displacement  and  trans- 
port of  the  surface-debris, — in  the  one  case  OTer  the  old  cliff-edge, 
and  in  the  other  into  the  open  fissures. 

There  is  further  stratigraphical  evidence  on  the  coast  of  Gower, 
where  there  are  both  ordinary  caves  and  fissure-caves.  Speaking 
of  these  Caves,  Dr.  Falconer  remarks  on  the  presence  of  the  angular 
detritus  "  to  which  Mr.  Godwin-Austen  has  applied  the  name  of 
^Head'  .  .  .  sometimes  in  vast  accumulations  in  the  immediate 
vicinity  of  the  Caves,''  and  at  other  times  intruding,  so  to  speak,  into 
the  interior  of  the  fissures  and  Caves,  where  it  occurs  '*  cemented 
by  stalagmite,  overlying  the  marine  sands  and  stretching  seaward 
upon  the  face  of  the  cliffs."  Describing  Bosco's  Den,  he  says  that 
this  detritus  was  there  6  to  14  feet  in  thickness,  and  the  materials 
corresponded  in  general  character  with  the  bed  of  angular  debris 
observed  on  the  Raised  Beach  of  Mewslade  Bay.  ^ 

Although,  owing  to  the  seaward  dip  of  the  rock,  there  is  no  thick 
lodgment  of  Head  on  the  beach,  large  sheets  of  it  lie  in  places  on 
the  slopes  of  the  limestone,  often  masking  both  beach  and  caves, 
and  choking  the  fissures.  The  limestone  plateau  above  the  caves 
is  covered  with  a  red  clay  and  angular  fragments  of  limestone,  and 
it  is  from  this  that  the  materials  of  the  Head  have  been  chiefly 
derived.     (See  fig.  11.) 

I  cannot,  however,  accept  the  explanation  of  the  origin  of  the  Ossi- 
ferous Breccia  suggested  by  Buckland  and  adopted  with  some  modifi- 
cation by  DelaBeche, — an  explanation  which  is  still  generally  current, 
lliey  were  of  opinion  that  fissures  which  long  remained  open  were 
formed  in  the  limestone  by  earthquake-movements.  Into  these  the 
animals  which  ranged  the  country  fell  from  time  to  time,  or  were 
driven  in  when  chased  by  beasts  of  prey ;  while  fragments  of  the 
limestone-rock  dropping  from  the  sides  of  the  fissures,  with  the  clay 
and  sand  washed  in  by  the  rain  and  streams,  gradually  filled  these 
*  *  Palaontol.  Memoirs/  vol.  ii.  pp.  517,  533. 
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fissures.  Buckland  saw  that  in  such  oases  the  entire  skeleton  ought 
to  be  found,  and  suggested  that  after  the  decay  of  the  carcasses  the 
fall  of  water  and  debris  into  the  fissures  broke  up  and  dispersed  the 
skeletons.     But  this  only  shifts  the  difficulty. 

The  objection  seems  to  me  a  fatal  one.  It  is  impossible  to  con- 
ceive  that,  out  of  the  many  fissures  explored,  entire  skeletons,  or  at 
all  events  all  the  separate  bones  of  the  skeletons  of  the  animals  that 
are  supposed  to  have  fallen  in,  should  not  be  commonly  met  with. 
But  this  has  only  happened  in  a  few  rare  instances,  of  which  Wirks- 
worth  is  one,  although  the  bones  of  separate  limbs  are  said  to  be 
occasionaUy  found  in  connexion.  Yet  the  abundance  of  separate 
bones  in  some  cases  is  remarkable.  In  the  collection  made  by 
Mr.  Cottle  on  two  visits  to  Oreston,  there  were  * : — 

1587  teeth  of  Horse,   Ox,  Deer,  Wolf,  Hysena,  Tiger,  Hare, 

Water-rat,  Weasel. 
147  jaws  of  Wolf,  Horse,  Fox,  Deer,  Hysena,  Ox,  Tiger,  Hare, 

Boar. 
250  TertebrsB  and  26  skulls  and  portions  of  skulls  of  various  of 

the  above.     3  horn-cores  of  Ox. 
1000  fragments  without  distinct  characters. 

So  far  from  the  fissures  having  been  long  open,  a  diametrically 
opposite  conclusion  is  forced  upon  us.  They  certainly  were  not 
open  during  Glacial  times,  otherwise  they  would  have  received  the 
worn  and  characteristic  debris  of  that  period.  Nor  could  the  ossife- 
rous fissures  of  Devonshire  have  been  open  during  the  Cave  period. 
For  they  were  so  numerous  that,  had  it  been  so,  the  result  antici- 
pated by  Buckland  could  hardly  have  been  avoided,  and  many  animals 
must  have  been  lost  in  them  whose  entire  remains  should  be  found, 
according  to  this  view,  in  all  such  fissures.  But  this  is  not  the  case. 
In  many  fissures  bones  are  absent,  while  in  others  they  occur  de- 
tached, isolated,  and  unrelated,  in  patches  throughout  the  breccia. 
Nor  is  the  difficulty  removed  by  another  suggestion  that  the  fissures 
during  the  Glacial  winters  were  filled  with  snow,  so  that  they  served 
as  traps  to  the  animals.  This  no  doubt  would  be  under  certain 
conditions  a  vera  causa,  but  the  same  objection  remains  as  that  which 
applies  to  the  original  suggestion. 

I  conclude  therefore  that  the  fissures  were  opened  out  at  a  time 
immediately  preceding  the  Bubble-drift  or  simultaneously  with  it, 
and  that  they  were  in  all  probability  one  of  the  results  of  the 
disturbances  accompanying  the  several  uplifts  of  the  land  which 
followed  after  the  submergence. 

De  la  Beche  observed  of  some  of  the  clay  at  Oreston  that  it  was 
"apparently  impregnated  with  animal  matter,"^  and  the  remark 
has  been  frequently  repeated,  but  I  am  not  aware  that  any  definite 
analysis  of  the  clay  has  been  made.  Mr.  Worth  says  that  "  the  inti- 
mate association  and  order  of  many  of  the  bones  proves  that  at  the 

»  Quoted  by  Mr.  Worth,  Journ.  Plymouth  Inet  toI.  vii.  (1879)  p.  92. 
'-*  'Beport  on  the  Geology  of  Deyon,  Cornwall,  Ac.'  p.  413. 
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time  of  deposition  these  [limbs]  were  partially  united  by  ligaments."  * 
This  may  be  so,  though  it  has  not  been  generally  noticed,  and,  as  a 
rule,  the  bones  are  mingled  together  in  the  greatest  confusion.  All 
of  them  belong  to  species  which  are  found  likewise  in  the  Rubble- 
drift  and  in  the  Coast  Caves. 

Mr.  Worth  moreover  refers  to  instances  of  the  occurrence  of 
bones,  supposed  to  be  human,  in  the  Ossiferous  Breccia.  Although 
this  wants  confirmation,  there  can  be  no  doubt  about  the  probability 
of  finding  human  remains  in  this  breccia,  as  Palasolithic  flint  imple- 
ments have  been  found  in  the  Hubble-drift  at  Portslade  and  at 
Sangatte.  There  is,  in  fact,  probably  a  better  chance  of  finding 
human  bones  in  this  association  than  in  the  implement-bearing 
fluyiatile  deposits,  inasmuch  as,  though  man  might  have  avoided 
the  partial  floods  of  the  rivers,  he  must  have  succumbed  to  the  more 
general  efliects  of  an  extended  submergence. 

I  have  given  the  reasons  which  lead  me  to  suppose  that  the  sub- 
mergence was  effected  with  extreme  slowness,  so  as  to  disturb  but 
little  the  surface  of  the  land.  Under  such  conditions,  the  land- 
animals  would,  as  the  waters  rose,  gradually  retire  to  the  higher 
grounds  of  the  district,  and,  when  these  sank  below  the  level  of  the 
flood,  would  be  eventually  drowned.  Their  bodies  in  some  cases 
may  have  been  carried  by  currents  to  a  distance  and  lost,  and  in 
others  they  may  have  decayed  and  fallen  in  fragments  to  the  bottom 
without  travelling  far  from  the  spot.  Where  they  fell  on  an  old 
disintegrated  land-surface,  they  would  share  with  tiie  debris  in  the 
displacement  and  drifting  which  that  debris  afterwards  underwent. 

Let  us  then  suppose  that,  after  a  submergence  of  short  duration, 
the  submerged  land  was  again  raised — not  by  one  continuous 
movement,  but  by  a  succession  of  uplifts  more  or  less  rapid,  with 
intervals  of  rest  or  of  slow  movement.  This  would  produce,  on  the 
slopes  on  all  sides  of  the  hills  of  the  submerged  area,  divergent 
currents  which  swept  down  the  loose  surface-debris  with  varying 
rapidity  and  for  varying  distances.  These  uplifts,  repeated  at 
indefinite  intervals,  led  to  the  transport  of  successive  portions  of 
detrital  matter,  which,  when  projected  over  the  old  cliffe,  was 
carried  forward  to  distances  in  accordance  with  the  force  of  each 
particular  current.  The  successive  layers  of  the  Elephant  Bed  at 
Brighton  and  Sangatte  may  be  taken  as  indices  of  the  varying  force 
of  the  currents,  and  consequently  of  the  extent  and  rapidity  of  the 
successive  uplifts.  They  do  not,  however,  owing  to  their  lenticular 
form  and  overlap,  afford  a  true  index  of  the  number  of  uplifts, 
which  there  is  reason  to  believe  were  more  numerous  than  indicated 
in  any  single  section.  They  vary  in  number  in  each  of  them,  while 
many  beds  have  been  disturbed  and  partially  displaced  by  the  force 
of  impact  of  the  stronger  shoots  or  throws. 

The  volume  of  detritus  carried  forward  would  depend  upon 
various  circumstances,  such  as  the  depth  of  water,  angle  and  length 
of  slope,  &c.     Thus,  if  we  take  a  range  of  hiUs  (fig.  21),  presenting 

1  Journ.  Plymouth  Inst.  toI.  vii.  (1879)  p.  109. 
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on  one  ride  a  short  steep  slope,  and  on  the  other  a  long  slight  in- 
cline, as  in  the  instance  of  the  Chalk  Downs  of  North  Kent,  the 
result  would  he  as  follows : — 

Pig.  21. — Diagram  showing  the  direction  of  the  currents  on  a 
hUUrange  during  uplift, 
O 
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o  beiD||[  the  parting-line  or  watershed  between  the  superineumbent  waters  A  B,  the 
divergent  currents  doriog  uplift  will  be  in  the  directions  »  >  ;  but  while  A 
motes  down  a  short  steep  slope  for  a  distance  x^  B  passes  oTer  a  surfaoe 
equal  to  some  multiple  of  x  in  the  same  time.  Consequently  there  will  be, 
independently  of  other  causes,  a  larfi;er  rolume  of  drift  collected  at  the  base 
of  a  than  of  a\  and  this  disproportion  is  very  apparent  in  the  case  of  most 
of  our  Chalk  ranges. 

Where  the  course  of  the  ossiferous  drift  is  along  made,  narrow  channels, 
it  would  pass  down  them  and  spread  out  fan-shaped  at  their  termination, 
as  at  Upcburch  and  Famham.    (See  Map,  Fl.  Till.) 

But  if  any  cavity  (m)  should  exist  on  the  surface  of  the  open 
ground,  the  drift  in  trayelling  downwards  from  o  will  necessarily 
pass  over,  fill,  and  level  it ;  or  if  there  should  be  a  trough  (n)  such 
as  that  formed  hy  the  old  ditf  of  a  Raised  Beach,  the  detrital 
matter  will  there  accumulate  until  full  to  the  brim,  when  the  surplus 
will  pass  on  to  the  lower  level  a  (see  the  Brighton  and  Portland 
sections,  figs.  3  and  6). 

In  the  same  way,  if  an  open  fissure  should  exist  on  ground  over 
which  the  hody  of  detritus  passes,  that  detritus  will  faU  into,  and 
will,  if  sufficiently  abundant,  level  the  fissure  with  the  surface.  (Gene- 
rally the  detritus  has  fallen  in  without  order  and  tumultuously,  but 
in  the  instance  mentioned  by  Buckland  (antea^  p.  335)  there  are  indi- 
cations, as  in  the  rubble  of  the  Head,  of  alternate  action  caused  by 
Buccesrive  uplifts,  or  hy  oscillations  to  and  fro  in  the  superincumhent 
body  of  water. 

The  final  uplift  was  the  most  important,  for  it  moved  the  largest 
volume  of  debris,  and  propelled  it  to  the  greatest  distances,  though 
the  gradients  were  often  very  small,  as  between  Portslade  and  Soutti- 
wick  (PI.  VII.  fig.  2)  or  in  the  case  of  the  Godrevy  outlier  {^%,  7). 

Not  only  is  the  ruhhle  of  a  character  which  can  be  hest  explained 
by  the  agency  of  a  body  of  water  on  a  submerged  land,  but  the 
character  of  the  organic  remains  likewise  accords  with  what  we 
might  expect  to  result  from  the  destruction  of  a  land-surface.    In 
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the  several  forms  assamed  by  this  Rubble-drift,  the  organic 
remains  are  invariably  confined  to  those  of  landshells  and  land- 
animaU  (see  list,  p.  300).  No  subaerial  action  could  have  en- 
tombed those  fragUe  shells  entire.  Ice  or  running  surface-water 
that  could  have  moved  the  surface-debris  would  have  shattered 
the  shells,  or  they  would  have  perished  if  exposed  to  atmospheric 
agencies  on  the  surface.  The  shells  seem  also  to  have  been  living 
at  the  time  of  the  submergence,  for  had  they  been  dead  shells  they 
would  have  been  floated  off  and  lost,  whereas  they  remained  on 
the  spot  where  drowned,  until  swept  down  with  the  general  mass 
of  debris.  When  the  currents  were  strong  and  the  debris  coarse 
the  shells  have  been  destroyed,  while  they  have  been  preserved  when 
the  currents  were  gentle  and  the  sediment  fine  and  suitable  in 
character. 

The  animals,  on  the  other  hand,  had,  as  their  carcasses  decayed 
and  sank,  their  detached  members  scattered  over  the  submerged 
land-surface,  whence,  on  the  re-elevation  of  that  land,  they  were 
swept  by  the  effluent  currents  and  entombed  in  the  mass  of  rubble. 
That  the  action  was  from  time  to  time  short  and  rapid,  and  the 
debris  swept  along  tumultuously  is  evident  from  the  condition  of  the 
fractured  and  shattered  bones,  as  well  as  from  that  of  the  broken 
rubble.  Both  are  free  from  wear  by  long  erosion  in  water,  and 
their  fractured  fragments  retain  their  sharp  angles  uninjured.^ 
Nor  is  there  any  appearance  of  wear  by  exposure  to  atmospheric 
influences,  although  the  action  of  water  filtering  underground  b 
sometimes  apparent.  Many  of  the  animals  may  have  been  carried 
out  to  sea,  and  it  is  not  unlikely  that  some  of  the  teeth  and  bones 
which  are  now  dredged  up  from  time  to  time  in  the  North  Sea 
and  English  Channel  may  have  this  origin. 

Few  vestiges  of  the  land-vegetation  are  preserved.  Here  and 
there  in  the  rubble  there  are  traces  of  carbonaceous  matter,  and 
fragments  of  wood  have  been  found  in  the  Elephant  Bed  at 
Brighton,  and  plants,  nuts,  and  insects  in  the  Brixton  (I.  of  W.) 
drift  and  elsewhere,  but  it  is  readily  conceivable  that  either  the 
wood  may  have  floated  to  a  distance  or  have  been  lost  by  decay. 
There  is  a  remarkable  mass  of  driftwood,  probably  of  this  age, 
in  the  North  of  France. 

We  have  no  accurate  measure  of  the  depth  of  the  submei^nce. 
It  apparently  exceeded  900  feet,  and  may  have  been  not  less  than 
1000  feet.^  That  it  was  temporary  and  not  of  long  duration  is 
indicated  by  the  absence  of  marine  mollusca  on  the  submerged 
land ;  and  that  the  emergence  was  continuous,  by  the  absence  of 
terraces  within  the  area,  as  well  as  by  the  absence  of  any  break  in 

^  The  Bev.  G.  N.  Smith,  speaking  of  the  Odsiferous  Breccia  in  Oaldy  Islaod, 
remarks  that  "  the  whole  seemed  to  have  been  forcibly  carried  into  the  care  bj 
the  action  of  water  Some  of  the  bones  were  wedged  into  the  fissures  of  the 
rock  at  the  cave's  ends,  just  as  pieces  of  driftwood  and  wreck  are  observed  to 
be  on  the  shore  beneath/*    See  '  The  Bone-Oayes  of  Tenby/  p.  6. 

^  A  map  showing  the  extent  of  land  left  dry,  supposing  the  British  Islands 
wePQ  submerged  to  the  depth  of  1000  feet,  is  given  by  Be  la  Becbe  in  the 
-*  Geological  Observer,'  Ist  ed.  p.  301. 
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Idle  saoooBsive  layers  of  rabble  forming  the  Head.  At  the  same 
time  it  is  manifest  that  the  rise  was  not  uniform,  but" consisted  of  a 
series  of  uplifts  with  intervals  of  slow  movement  or  temporary  lulls. 

There  is  another  point  for  consideration  in  connexion  with  an 
emergence  of  the  land.  As  the  bed  of  the  Channel  is  swept  by 
currents  which  drift  the  sand  and  sliingle  on  to  particular  portions 
of  its  bed,  and  leave  other  portions  denuded  and  bare,  so  in  like 
manner,  whilst  the  effect  of  the  effluent  currents  on  the  emei^ing 
land  has  been  to  sweep  the  loose  detrital  matter  (the  Bubble-dirift) 
down  to  the  lower  levels  of  the  surface,  it  has  neoeissarily  left  other 
portions  denuded  and  free  of  all  drift. 

The  Bev.  0.  Fisher,  approaching  the  subject  irom  another  point 
of  view — that  of  the  denudation  of  certain  areas — ^has  remarked  ^ 
that  he  did  not  see  any  other  way  of  accounting  for  such  a  form 
of  surface  as  obtains  in  many  of  the  valleys  of  the  soft  clay  and 
Chalk  districts  in  the  South  of  England  than  by  a  superincumbent 
mass  of  water  draining  off  from  a  flat  or  slightly  dome-shaped  area. 
He  infers  *'  that  the  land  must  have  been  elevated  by  a  sudden 
movement  sufficient  to  have  caused  a  rush  of  water  from  the  raised 
portions  to  seek  a  lower  level, — either  the  land  being  raised  high 
and  dry  at  once,  or  the  sea-bottom  raised,  though  still  remaining 
beneath  water.  Such  an  elevation  might  be  repeated  again  and  again 
with  intervals  of  submergence."  Allusion  is  made  also  to  the 
effects  of  the  uplifts,  which  agree  with  several  named  in  this  paper. 
This  agreement  in  conclusions  arrived  at  independently — in  the  one 
case  on  purely  geological  evidence,  and  in  the  other  upon  the 
abstract  physical  problem — cannot  be  regarded  otherwise  than  as 
confirmatory  of  the  truth  of  the  hypothesis. 

As  illustrations  of  surfaces  denuded  in  this  manner  I  would  in- 
stance amongst  other  places  the  South  Downs.  There  patches  of 
Tertiary  and  Plateau-drift  beds  occupy  the  high  summits,  and  in  the 
valleys  and  low  ground  lies  the  Rubble-drift  derived  from  those  beds, 
and  from  the  Chalk  of  the  intermediate  tracts  that  now  remain  de- 
nuded and  bare.  It  is  the  same,  in  a  less  degree,  with  the  North 
Downs,  the  debris  of  the  Tertiary  strata  and  of  the  Bed  Clay-with- 
flints  of  the  higher  summits,  together  with  that  of  the  bared  Chalk, 
commingling  to  form  the  rubble  in  the  main  valley  at  their  base. 
So  likewise  with  the  Wiltshire  Downs  and  the  Cotteswold  Hills, 
which  are  fringed,  the  one  with  Tertiary  and  Chalk  debris,  and  the 
other  with  Oolitic  rubble,  leaving  the  sides  and  slopes  of  the  hills 
bare.  Again,  in  the  Wealden  area  the  debris  has  been  shed  from 
off  the  central  high  dome,  which  is  left  bare,  with  a  fringe  of 
detritus  derived  from  Chalk  and  Tertiary  strata  along  its  encircling 
valley ;  whatever  Rubble-drift  there  may  be  in  the  valleys  of  the 
central  area  is  hardly  to  be  distinguished  from  the  soft  sandy  and 
ai^giUaceous  beds  from  which  it  is  derived. 

1  '  On  the  Denudation  of  Soft  Strata/  Quart.  Journ.  GeoL  Soc  vol.  xtu. 
(1861)  p.  1.  [I  was  not  aware,  when  writing  the  preceding  pages,  of  this  paper 
of  Mr.  FishePs.] 
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T  In  the  above  lemarkfl  I  do  not  overlook  the  effects  of  denudation 
by  ice-action,  but  this  preceded  by  a  long  period  of  time  the  intro- 
duction of  the  Kubble-^rift,  which  was  the  result  of  agencies  inde- 
pendent of,  and  subsequent  to  any  visible  exhibition  of  ice-action. 

That  the  disturbance  indicated  by  the  Kubble-drift  was  accom- 
panied by  a  change  of  climate  is  shown  by  the  circumstance  that 
whereas  during  the  time  of  the  Raised  Beaches  subglacial  con- 
ditions obtained,  and  a  northern  fauna  survived,  the  deposits  im- 
mediately overlying  the  Rubble-drift  exhibit  no  glacial  characters, 
and  both  fauna  and  flora  are  of  species  living  at  the  present  day. 
The  change  may,  however,  have  begun  at  the  time  of  the  Sand-zone. 

At  the  commencement  of  the  subsidence  whence  the  Rubble-drifb 
originated,  there  is  reason  to  suppose  that  the  land  stood  about  100 
or  120  feet  higher  than  at  present,  and  it  is  certain  that  after  the 
emergence  it  regained  approximately  the  same  level,  though  since 
then  it  has  sunk  to  within  10  to  30  feet  of  the  level  it  had  during 
the  time  of  the  liaised  Beaches. 

In  conclusion,  the  Rubble-drift  embraces : — 

1.  The  mass  of  angular  detritus  and  rubble  forming  the  Head 
overlying  the  Raised  Beaches. 

2.  The  beds  of  angular  gravel  and  loam  on  hill-slopes  or  projected 
into  the  plains  at  their  base,  and  not  referable  either  to  marine, 
fluviatile,  or  glacial  action. 

3.  The  traUs  of  gravel — not  referable  to  river-action — in  subsi- 
diary valleys,  ending  at  their  junction  with  the  main  valley  in  a 
fauHshaped  spread  of  gravel  and  brick-earth. 

4.  The  basement-gravels  of  most  valleys  and  the  stanniferous 
gravel  of  Cornwall. 

5.  Trails  in  some  valleys  of  blocks  of  local  origin. 

6.  Slight,  irregular  scatterings  of  angular  debris,  day  and  loam, 
or  brick-earth  on  the  sides  and  at  the  base  of  hills ;  these  can  scarcely 
be  classified,  although  of  frequent  occurrence. 

7.  The  ossiferous  breccias  in  fissures  of  the  limestones  of  Devon- 
shire and  South  Wales. 

That  the  submergence  is  of  very  late  geological  date  is  evident 
from  the  fact  that  no  beds  intervene  between  the  Rubble-drift  and 
the  recent  alluvium  of  our  rivers,  notwithstanding  that  the  con- 
ditions of  land  and  sea  were,  in  many  instances,  favourable  for  their 
development. 

Nor,  seeing  how  closely  the  Raised  Beaches  follow  the  present 
lines  of  cliff,  is  it  possible  to  conceive  that  any  great  length  of  time 
can  have  elapsed  since  the  formation  of  the  old  line  of  cli£&  and 
beaches.  Still,  it  must  not  be  forgotten  that  in  the  interval  the 
land  stood  for  a  time  some  120  feet  higher  than  at  present,  so  that 
the  first  erosion  of  the  land,  after  the  elevation  of  the  beaches,  took 
place  at  a  lowel  level  than  that  on  which  the  cutting  back  of  the 
cliffs  has  since  proceeded.  But,  allowing  for  that,  the  line  of 
20  fathoms  (120  feet)  is  everywhere  within  so  short  a  distance  of 
the  shore  that,  had  the  whole  space  between  that  line  and  the  shore 
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been  removed — which  is  not  probable,  as  during  a  certain  and  not 
inconsiderable  part  of  the  interval  the  existing  level  has  been 
maintained — it  would  involve  no  very  long  period  of  time.  For  we 
have  to  bear  in  mind  that,  with  the  soft  Cretaceous  and  Jurassic 
strata  of  great  part  of  the  South  Coast,  1500  to  2500  years  would 
have  sufficed  to  wear  back  the  cliffs  for  the  distance  of  a  mile.  In 
the  case  of  the  harder  Palaeozoic  rocks  of  Devon  and  Cornwall,  the 
wear  has  been  singularly  small,  the  difference  between  the  outline 
of  the  coast  at  the  time  of  the  Raised  Beaches  and  that  which  it 
has  at  the  present  day  not  exceeding  100  to  200  feet,  if  so  much 
(see  Map,  PI.  VIII.). 

It  would  follow  from  this  evidence  that  the  Baised  Beaches 
and  Caves  are  but  little  removed  in  space  or  time  from  the 
Alluvial  beds  of  the  Recent  ejioch — a  conclusion  which  corro- 
borates the  inference  I  had  before  drawn  ^  from  other  data, 
that  the  Glacial  times  came,  geologically  speaking,  to  within  a 
measurable  distance  of  our  own  times^  and  that  the  transition  was 
short  and  almost  abrupt. 

I  have  limited  this  paper  to  the  consideration  of  the  area  with 
which  I  am  best  acquainted  and  in  which  the  phenomena  are  well 
defined.  I  reserve  for  the  present  the  consideration  of  the  extension 
of  the  submergence  over  other  areas. 

Plate  VII. 

Sections  illustrating  the  occurrence  of  the  Eaiaed  Beaches  and  'Head'  or 
Bubble-drift  in  the  South  of  England. 

EXPLANATION  OF  MAP  (PLATE  VIII.). 

Tus  Rubble-drift.  — On  a  Map  of  this  scale  it  is  not  possible  to  give  exact 
details  of  the  inland  distribution  of  this  drift.  Therefore  only  a  few  of 
the  localities  inland,  where  its  various  types  are  best  seen,  are  given. 
Where  these  form  sufficiently  distinct  or  foesiliferous  deposits,  they  are 
indicated  in  solid  colour ;  where  they  only  form  thin  beds  or  mere  trail, 
they  are  indicated  by  bars  or  dots.  There  are,  however,  few  areas  free 
from  this  drift  in  mafs,  though  it  is  often  a  mere  surface  sprinkling. 

The  Raised  Beaches. — All  the  known  Beaches  are  shown.  Their  probable 
position  on  the  coast,  where  it  no  longer  existi*,  is  marked  by  a  dotted  line. 
The  area  so  enclosed  shows  the  extent  of  land  removed  since  the  period  of 
the  Rubble-drift,  while  the  area  forming  dry  land  after  the  uplift  of  the 
Beaches  is  shown  in  light  blue. 

The  red  bars  mark  the  area  of  land  lost  since  the  Raised  Beach  epoch. 
1  Quart,  Joum.  Geol.  Soc.  vol.  xliii.  (1887)  p.  393. 
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20.  The  Pleistoceke  Deposits  of  Hie  Sussex  Coast,  and  theib 
Equivalents  in  Otheb  Districts.  By  Clement  Reid,  Esq., 
F.L.S.,  F.G.S.    (Read  February'  24th,  1892.) 

[Oommunicatedb}*  permUsion  of  the  Director-General  of  the  Geological  Surrey.] 

The  geological  survey  of  the  district  lying  between  the  South 
Downs  and  the  Sussex  coast  has  been  comi>leted,  but  the  time  needed 
for  finishing  and  engraving  the  maps  will  make  it  impossible  to 
publish  a  memoir  for  severeil  years  to  come.  It  seems  advisable, 
therefore,  to  bring  before  this  Society  on  outline  of  the  general 
results  obtained,  especially  as  certain  of  these  results  may  seriously 
modify  our  views  as  to  the  succession  of  the  deposits,  and  also  as  to 
the  climatic  changes  in  late  Tertiary  times  in  the  South  of  England. 
A  previous  communication,  published  in  this  Journal,^  dealt  with  the 
question  of  the  origin  of  the  Coombe  Eock  and  of  dry  Chalk  valleys ; 
I  now  propose  to  continue  this  work  by  showing  the  relation  of  the 
Coombe  Hock  to  the  various  Pleistocene  strata  which  occupy  the 
plain  lying  between  the  southern  edge  of  the  Downs  and  the  sea. 
1  propose  also  to  indicate  briefly  the  probable  correlation  of  these 
strata  with  the  glacial  deposits  of  other  parts  of  England. 

The  literature  of  the  subject  is  somewhat  extensive,  for  many 
good  observers  have  examined  the  deposits  between  Brighton  and 
Selsey  Bill,  especially  the  *  Fagham  erratics,'  the  '  mud-deposit '  of 
Selsey,  and  the  Brighton  *  elephant-bed.'  It  will  scarcely  be 
necessar}'  here  to  speak  of  the  whole  of  the  writings  relating  to  the 
district,  but  certain  important  memoirs  and  original  observations 
must  be  referred  to ;  otherwise  it  would  be  impossible  to  show  in 
what  respect  the  recently  completed  Survey  supplements  our  previous 
knowledge  of  the  subject,  or  obliges  us  to  modify  preconceived  ideas. 
The  following  abstract  has  been  prepared,  therefore,  to  show  what 
were  the  accepted  views  as  to  the  succession  of  the  depoeits,  in  the 
year  1884,  when  the  Drift  Survey  of  the  Sussex  coast  was  commenced. 

Mantell,  in  1822,  in  his  '  Fossils  of  the  South  Downs,'  mentioned 
that  the  mammaliferous  Coombe  Eock  of  Brighton  was  underlain 
by  an  ancient  beach-deposit,  containing  sea-shells  and  waterwom 
erratic  blocks  of  granite,  &c. 

The  first  edition  of  Dixon's  *  Geologj'  of  Sussex,'  published  in 
1850,  alluded  to  the  erratic  blocks  found  on  the  shore  near  Selsey, 
and  suggested  their  probable  transportation  by  glaciers.  The 
author  also  alluded  to  the  deposits  containing  Elephas  primigenm 
and  southern  marine  moUusca  at  Selsey,  but  in  his  description  there 
is  a  great  deal  of  confusion  between  the  true  Pleistocene  strata 
and  the  recent  estuarine  deposits.  Dixon  correctly  correlated 
certain  ancient  beach-deposits  near  Worthing  with  the  liaised  Beach 
at  Brighton,  though  at  the  ssmie  time  he  did  not  clearly  distinguish 
between  the  Coombe  Eock  and  the  underlying  marine  strata.    The 

^  Quart.  Joum.  Geol.  Soc.  vol.  idiii.  (1.887)  p.  364. 
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second  edition  of  Dixon's  '  Geology  of  Sussex,'  which  appeared  in 
1878,  showed  the  same  confusion  between  the  ordinary  alluvial 
deposits  and  the  much  older  ^  mud-deposit '  of  Selsey,  some  of  the 
notes  evidently  referring  to  the  one,  some  to  the  other. 

In  1855  God  win- Austen  ^  divided  the  gravels  near  Chichester  in- 
to an  older  or  *  red-gravel '  and  a  newer  or  '  white-gravel '  series.  I 
can  find  no  evidence  in  favour  of  this  classification,  for  the  red  gravel 
of  that  district  is  merely  the  decalcified  and  oxidized  representative 
of  the  white  and  chalky  Coombe  Eock.  Sometimes,  however, 
through  the  long-continued  action  of  percolating  water,  a  still 
farther  change  has  taken  place,  and  the  red  gravel  is  bleached  in  its 
upper  part  into  a  white  gravel.  The  absence  of  fossils  in  the  red 
gravel,  mentioned  by  Godwin-Austen  as  additional  evidence  for  its 
distinction  from  the  white  gravel,  is  a  usual  and  necessar}'  result  of 
the  decalcifying  process.  The  "  diagram-section  showing  the  general 
relations  of  the  newer  Tertiary  deposits  of  the  Sussex  Levels," 
given  by  Godwin-Austen,  does  not  agree  in  the  order  of  the  deposits 
with  any  sections  that  I  have  been  able  to  examine.  This  paper 
gave,  however,  a  number  of  details  which  added  largely  to  our 
knowledge  of  the  strata.  God  win- Austen  recorded  the  occurrence 
of  a  colony  of  gigantic  Pholas  crispata  in  crypts  in  the  Bracklesham 
Beds ;  he  noticed  also  that  inside  the  Fholas-shelh  were  found 
some  of  the  characteristic  southern  shells  belongiog  to  the  overlying 
mud-deposit ;  and  he  revised  the  list  of  fossils  from  the  mud-deposit, 
rejecting  several  species  of  doubtful  origin  included  in  the  list  by 
DixoD.  Godwin- Austen  discussed  also  the  climatic  and  other  con- 
ditions indicated  by  the  moUuscan  fauna,  and,  on  the  ground  of  the 
occurrence  in  each  of  Elephas  primigenms^  he  correlated  with  the 
Selsey  deposit  various  subaerial  accumulations  found  in  other  parts 
of  Sussex.  This  correlation  is  unsafe,  for  we  now  know  that  the 
Mammoth  had  a  considerable  range  in  time. 

Above  the  mud-deposit  came  *  yellow  drift  clay  '  containing  chalk, 
and  also  littoral  shells  ;  but  here  Godwin -Austen  appears  to  have 
confounded  two  or  more  distinct  strata,  the  yellow  chalky  and  stony 
clay  which  is  the  equivalent  of  the  Coombe  Eock,  and  the  stony 
clayey  gravels  with  marine  shells  and  erratics,  belonging  in  reality 
to  the  mud-deposit,  or  to  still  older  strata.  At  the  base  of  the 
brick-earth  one  occasionally  finds  broken  shells  and  masses  of  the 
PAoZo^bored  chalk,  derived  from  an  older  marine  deposit,  and  this 
probably  has  tended  to  support  a  mistaken  correlation. 

Godwin-Austen  attempted  to  trace  the  various  erratics  to  their 
respective  sources  ;  but  he  recorded  only  the  hard  rocks,  such  as  are 
found  loose  on  the  shore,  or  re-deposited  in  the  mud- deposit.  He 
apparently  did  not  see  the  softer  masses  from  Sussex  and  the  Isle  of 
Wight,  which  are  so  abundant  in  the  true  boulder-gravel.  Though 
I  cannot  speak  positively  on  the  point,  it  seems  probable  that  the 
succession  given  in  God  win- Austen's  diagram- section '  is  not  alto- 
gether accurate,  and  that  the  erratic  deposit  d  is  really  the  same  as 

*  Quart  Joum.  Geol.  See.  vol.  xiii.  (1867)  p.  40. 
»/Wip.49,flg.4. 
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the  lower  red  gravel  /,  and  lies  below  the  marine  strata  with  sonthem 
shells,  instead  of  above  them.  It  will  be  observed  that  Godwin- 
Ansten  nowhere  says  that  he  has  seen  the  complete  section  as  shown 
in  his  figure  ;  it  is  only  given  as  a  diagram  to  explain  the  general 
relations  of  the  deposits.  However,  this  paper  by  Godwin-Austen 
is  by  far  the  most  important  contribution  to  the  Pleistocene  geology 
of  the  Sussex  coast. 

The  next  important  memoir  relating  to  the  district  was  read 
before  this  Society  in  1858  by  Prof.  Prestwich,*  who  traced  the 
Raised  Beach  of  Brighton  westward  to  near  Arundel  and  Goodwood, 
and  recorded  several  species  of  marine  fossils  from  the  latter  place. 
West  of  Goodwood  he  found  unfossiliferous  gravels,  probably  of  the 
same  age,  at  Bourne  Common,  around  Portsmouth,  and  in  the  Isle  of 
Wight.  In  a  later  paper  ^  Prof.  Prestwich  announced  the  discovery 
of  a  similar  raised  beach  at  Portsdown  Hill,  at  a  height  of  125 
feet.  The  work  of  the  Survey  having  thoroughly  corroborated  Prof. 
Prestwich's  view  that  these  deposit*  all  belong  to  one  period,  there 
will  be  no  occasion  hero  to  discuss  the  question. 

Mr.  A.  Bell  in  1871  published  an  account  of  the  mud-deposit  at 
Thomey,  near  Selsey,'  and  this  was  reprinted,  with  additions,  in  the 
second  edition  of  Dixon's  *  Geology  of  Sussex.* 

That  edition  also  contained  a  note  by  Mr.  E.  H.  WiUett  on  the 
discovery  of  a  PnlaBolithic  implement  at  a  depth  of  6fteen  feet  in 
the  Coombe  Bock  (p.  112) ;  and  another  by  Mr.  H.  WiUett  on 
bones  and  freshwater  shells  discovered  **  near  East  Wittering  in  a 
dejjosit  beneath  the  glacial  beds  of  Seleey"  (p.  19).  The  note 
by  Mr.  H.  WiUett  probably  refers  to  the  deposit  at  West  Wittering 
described  below. 

The  general  state  of  opinion  as  to  the  succession  of  the  Pleistocene 
deposits  of  the  Sussex  coast  at  the  time  when  the  Drift  Survey  was 
commenced  (in  1884)  may  therefore  be  thus  summarized: — It 
was  generally  recognized  that  an  old  sea-beach  lay  beneath  the 
irregular  chcdky  deposit  known  as  the  Coombe  Bock.  This  later 
gravel  was  commonly  considered  to  indicate  a  period  of  excessive 
rainfall.  The  fossiliferous  strata  at  Selsey,  with  southern  moUusca, 
were  believed  to  underlie  a  glacial  deposit  with  erratic  blocks. 

The  study  of  the  geology  of  the  Sussex  Levels  has  proved  to  be  a 
task  of  considerable  difficulty,  and  even  a  long  residence  in  the 
district  left  many  points  in  doubt.  It  is  only  by  the  aid  of  the  clear 
sections  exhibited  during  the  long-continued  south-westerly  gales  of 
the  past  autumn  and  winter  that  I  have  been  able  satisfactorily  to 
examine  the  area  in  Selsey  Bill  which  may  be  regarded  as  furnishing 
the  key  to  the  whole  district.  The  points  to  which  my  attention 
has  been  more  especiaUy  directed  were  :  1st,  the  origin  of  the  wide- 
spr'^ad  deposit  known  as  the  Coombe  Hock  ;  2nd,  the  succession  of 
the  Pleistocene  strata ;  3rd,  the  source  from  which  the  erratic  blocks 

1  Quart.  Joupn.  Geol.  Soc.  vol.  xr.  (1859)  p.  215. 

a  Jhid.  vol.  xxviii.  (1872)  p,  38, 

^  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  viii.  p.  45. 
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were  derived,  and  their  mode  of  transport ;  4th,  the  stratigraphical 
position  of  the  deposit  containing  large  erratics,  whether  above!  or 
below  the  marine  clays  with  southern  mollusca  ;  5th,  the  character 
of  the  fauna  and  flora  found  iu  the  several  deposits ;  6th,  and  lastly, 
what  succession  of  events  and  what  variations  of  climate  are  indi- 
cated by  the  evidence  now  collected  ?  Many  other  questions  inci- 
dentally arise,  but  these  I  propose  merely  to  aUude  to  briefly  in  the 
present  paper,  which  is  mainly  confined  to  the  area  minutely 
examined  during  the  past  seven  years. 

The  mode  of  origin  of  the  Coombe  Eock  and  of  the  dry  Chalk  valleys 
has  been  dealt  with,  but  since  the  paper  on  that  subject  was  published 
I  have  examined  large  additional  areas  in  the  South  Downs.  This 
work  thoroughly  bears  out  the  conclusion  already  arrived  at — that 
the  erosion  of  the  valleys,  and  the  deposition  of  the  eroded  material 
in  the  form  of  widespread  sheets  of  angular  chalky  detritus,  resulted 
from  the  fall  of  summer  rain  on  a  shattered  surface  of  Chalk,  ren- 
dered impervious  by  freezing  during  a  winter  of  Arctic  severity. 

The  second  question,  What  is  the  true  succession  of  the  deposits? 
I  have  not  before  dealt  with,  except  that  in  the  discussion  on  a 
paper  by  Mr.  A.  Bell  I  drew  attention  to  the  fact  that  erratics  are 
not  confined  to  strata  above  the  mud-deposit  of  Selsey,  and  that  the 
period  of  floating  ice  was  not  only  earlier  than  the  Coombe  Kock, 
but  earlier  than  the  underlying  clays  with  southern  shells.^  The 
only  way  to  show  what  is  the  true  succession  will  be  to  describe  the 
newly  exposed  sections  in  Selsey  Bill.  This  must  be  done  in  some 
detail,  for  on  the  accuracy  of  the  observations  depend,  not  only  the 
conclusions  as  to  the  succession  of  the  deposits,  but  also  our  view 
as  to  the  occurrence  or  non-occurrence  of  an  interglacial  or  mild 
episode  during  the  Pleistocene  period  in  the  South  of  England. 

During  the  year  1885  I  stayed  at  Chichestef,  Bognor,  and  Selsey, 
and  succeeded  in  examining  the  marine  clays  with  Chiton  siculus, 
and  also  the  borings  of  Pholas  crispata,  but  the  sections  were  not 
extensive,  and  I  came  across  only  one  erratic  block  in  the  clays. 
This  block  was,  however,  sufficient  to  show  that  the  dispersal  of 
some,  at  least,  of  the  erratics  dated  back  to  the  period  when  the 
marine  clays  were  being  deposited,  or  was  still  earlier.  To  the 
view  that  the  two  were  contemporaneous  there  was  this  objection  : 
the  fauna  of  the  clay  was  distinctly  southern,  and  showed  a  sea  at 
least  as  warm  as  the  present  English  Channel ;  whereas,  to  allow 
of  ice  floating  for  a  sufficient  length  of  time  to  carry  erratics  long 
distances,  the  water  must  be  near  the  freezing-point.  Therefore  it 
seemed  evident  that  the  marine  clays  must  be  newer  than  the  de- 
posit in  which  the  erratic  blocks  were  first  dropped.  I  have  taken 
every  opportunity  during  the  past  seven  years  to  search  for  evidence 
of  this  problematic  earlier  glaciation,  but  it  was  not  till  last  October 
that  new  exposures  enabled  me  to  fill  up  the  gap  in  the  series,  and  to 
discover  the  glacial  deposit  in  place.  As  this  erratic-gravel  is 
the  oldest  Pleistocene  deposit  yet  discovered  on  the  Sussex  coast, 
it  will  be  the  first  stratum  to  be  dealt  with. 

*  Quart.  Joum.  Geol.  Soc.  toI.  xlvii.  (1891)  Proe.  p.  173. 
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During  the  contiuHous  south- westerly  gales  of  last  autumn  and 
early  winter,  the  loss  of  land  on  the  west  side  of  Selsey  Bill  was 
extremely  great  Not  only  was  the  cliff-line  cut  back  several  yards, 
but  the  scour  was  so  strong  as  to  remove  most  of  the  beach  and  lay 
bare  platforms  of  Eocene  and  Pleistocene  strata  at  a  level  where  we 
usually  find  nothing  but  beach-shingle.  Immediately  after  the  storm 
of  Oct.  24th  I  re-examined  the  coast  close  to  Selsey,  and  found  that 
erosion  had  been  exceptionally  marked  opposite  Medmerry  Farm, 
where  the  sea  had  undermined  one  comer  of  the  farm  buildings, 
though  in  18S9  it  was  about  20  yards  away.  This  cutting  back  of 
the  cliff,  and  the  concurrent  removal  of  most  of  the  beach  on  the 
foreshore  opposite,  exposed  a  section  unlike  anything  which  had 
before  been  seen,  though  the  unusual  abundance  of  large  erratics 
on  the  foreshore  had  always  led  me  to  suspect  that  this  was  the 
critical  point,  and  that  there  was  a  probability  of  finding  the  glacial 
deposit  in  place  in  the  immediate  neighbourhood. 

Below  the  level  of  mean  tide  there  was  seen  only  a  wide  expanse 
of  fossiliferous  Bracklesham  Clays  full  of  Corbulas^  but  at  a  level 
slightly  higher,  on  the  part  of  the  foreshore  first  laid  bare  by  these 
storms,  the  junction  of  the  Eocene  and  the  Pleistocene  strata  was 
exposed.  The  relations  of  the  two  deposits  were  so  peculiar  as  at 
once  to  attract  attention.  The  junction  was  neither  smooth  nor 
channelled,  as  is  ordinarily  the  case,  but  the  whole  surface  of  the 
hard  Eocene  clays,  for  a  quarter  of  a  mile,  was  full  of  basins  or 
pits  from  2  to  6  feet  across.  These  pits  were  usually  unconnected 
with  each  other,  and  strike  one  as  a  feature  totally  unlike  the 
irregular  eroded  channels  formed  by  running  water  between  tide- 
marks.  Many  of  the  pits  had  nearly  vertical  sides  and  were  2  feet 
or  more  in  depth,  but  it  was  difficult  to  ascertain  the  extreme  depth, 
for  on  each  occasion  when  the  section  was  well  exposed  the  pits 
were  full  of  water,  and  time  and  the  tides  would  not  allow  me  to 
bale  out  or  drain  many  of  them. 

Fig.  1. — Diagram-section  to  show  tJie  relation  of  tlie  erratic  blocks 
to  the  floor  of  Bracklesham  Beds. 


Four  out  of  every  five  of  the  basins  contained  nothing  but  loose 
gravel,  with  a  few  valves  of  Balanus  and  rare  fragments  of  marine 
moUusca.  The  loose  material,  except  where  cemented  by  iron  oxide, 
had  been  almost  entirely  removed  by  the  recent  storms,  which  were 
not  able  to  make  much  impression  on  the  harder  Bracklesham  Clays. 
The  remainder  of  the  basins  were  much  more  interesting,  for  each 
of  them  contained  an  erratic  block,  which  had  not  merely  been 
dropped,  but  showed  signs  of  having  been  forcibly  squeezed  or 
screwed  into  the  clay,  until  its  upper  surface  was  flush  with  the 
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general  level.  In  this  process  the  softer  or  more  splintery  rocks  had 
been  crushed,  so  that  they  are  now  found  with  their  angular  frag- 
ments slightly  separated  by  gravel,  or  by  fossiliferous  Eocene  clay. 
The  harder  masses  were  sometimes  driven  into  the  clay  (see  fig.  1, 
p.  348),  so  that  I  was  obliged  to  cut  away  fossiliferous  Eocene  clay  to 
get  out  the  Pleistocene  erratic.  It  seems  clear  that  most  of  these 
pits  are  not  hollows  eroded  by  water,  but  dents  made  by  the  ice  or 
by  erratics  ;  for  the  stratified  Eocene  clays  generally  become  much 
disturbed  and  contorticd  around  the  margin  of  the  hole.  The  pits 
filled  with  finer  material  probably  mark  the  spots  where  large 
erratics  were  formerly  deposited,  though,  becoming  again  frozen 
into  the  ice-foot,  they  were  lifted  out  and  transported  to  fresh  sites. 

About  a  hundred  of  these  pits  were  examined,  and  the  conclusion 
seemed  irresistible  that  thdy  afforded  clear  evidence  of  the  agency 
of  floating  ice.  Drift-ice  grounding  on  the  ancient  foreshore 
dropped  its  burden  of  erratics  between  tide-marks.  Here  they 
were  pressed  deeper  and  deeper  into  the  clay,  for  the  rise  and  fall 
of  the  tide  at  high-water  piled  ice  upon  any  projecting  rock,  while 
at  low-water  the  rock  was  pressed  down  by  the  weight  of  the  ice 
till  it  was  flush  with  the  general  surface.  Often,  however,  the 
still- projecting  boulder  would  be  firmly  frozen  into  a  new  ice-foot, 
or  accumulated  mass  of  pack-ice,  and  would  then  be  gently  lifted 
out  of  the  hole  at  the  rise  of  the  spring-tides.  It  is  thus  that  1 
would  account  for  the  occurrence  of  empty  pits,  for  they  seem  to 
mark  the  former  sites  of  blocks  which  may  have  shifted  their 
position  several  times  before  finally  coming  to  rest.  Perhaps  some 
of  the  basins  were  produced  by  the  stranding,  packing,  and  revolv- 
ing of  masses  of  ice  during  a  storm,  but  the  general  appearance 
of  the  section  suggests  fairly  tranquil  water  in  a  sheltered  bay. 
No  signs  of  furrows  ploughed  in  the  clay  were  observed,  and  the 
ice  was  probably  entirely  in  the  form  of  flat-bottomed  ice-foot, 
which,  at  a  spot  like  this,  sheltered  from  the  prevalent  winds  by 
the  Isle  of  Wight,  would  ground  gently  and  would  tranquilly  melt 
away  without  being  driven  violently  into  the  shoals,  as  on  a  more 
exposed  coast. 

Besides  the  section  opposite  Medmerry  Farm  just  described, 
several  erratics  have  been  noticed  embedded  in  Eocene  clay  near 
West  Wittering,  five  miles  to  the  north-west.  The  fioor  was  at  a 
slightly  higher  level  and  was  much  cut  into  by  later  marine  deposits ; 
as,  however,  only  a  vertical  section  was  visible,  nothing  more  can  be 
said  about  these  boulders. 

There  has  always  been  some  uncertainty  as  to  which  of  the  far- 
transported  blocks  found  on  the  Sussex  coast  were  genuine  erratics, 
and  which  had  been  brought  in  ballast,  or  had  been  derived  from 
wrecks.  Every  opportunity  was  therefore  taken  to  obtain  specimens 
of  each  variety  of  rock  found  unmistakably  embedded  in  Pleistocene 
deposits  ' ;  the  following  is  a  list  of  the  erratics  found  in  the  pits 
near  Medmeny^  with  the  measurements  of  each  block,  and  the 

1  I  have  to  thank  my  colleague,  Mr.  J.  J.  H.  Teal  I,  F.B.S.,  for  determining 
the  igneous  and  plutouic  rocks. 
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source  from  which  it  was  probably  derived.  No  boulder  is  included 
in  the  list  unless  it  was  firmly  fixed  in  the  clay ;  the  large  detached 
erratics  have  been  well  described  by  Gud win-Austen. 

Erratic  Blocks  from  Mbdmerrt,  near  Selset. 

[Measurements  are  given  in  feet.  A  note  of  interrogation  shows  that  the  full 
meastirements  could  not  be  obtained,  owing  to  the  boulder  being  sunk  in  a 
pit  or  surrounded  by  water.'} 

fi,^,^  -D^^u^A^^  I  Cream-coloured  limestone,  full  of  casU  of  Limntea : 
iJ^lJ^Tmt^l).  .1     ixixi;  1X(?>;  3X(?);  lix(?);  lX(?). 

/'Hard    Bandstone    or    calcareous  grit,   usually    with 

Boffnor  "Rock  '      Pectunculus   brevirostris :    Sjxojxl;    12   (much 

/r«^.« -d™^- T^j^\     'i      shattered:     perhaps    more    than     one    erratic); 

(from  Bognor  Ledge).    ^      5x4x(?)     (striated);      4x4x(?);     2xUx(?)  ; 

i     14X1;  2X(?);  .HX4X(?);  1 X (?)  (bored). 

(probaWy^oTcarried  |  G^ywether  Sandsto^^    lj>^li;  2x2xU;  lx(?); 

Upper  Chalk.  Black  flinU* 

(Glauconitic    sandstone    with    phosphatio    nodides: 
8x5x(?) 
Green  calcai^us  sandstone :  2  x  1 X  U. 
Cherty  sandstone  with  phosphatio  nodules :  1  x(?). 
Dark-coloured  chert,  usually  full  of  sponge^picules : 
1X(?);  lixl;  ixl.;  lx(?);  lx(?). 
r  Hard,  pale-green,  and  reddish  sandstone:  1^x1. 
Palieozoic.  -I  Greenstone:  lx(?). 

[  MuscoTite-biotite-granite  :  1 X  i. 

For  comparison,  I  add  a  list  of  the  erratics  found  in  newer  de- 
posits in  the  neighbourhood  of  Selsey  i-^— 

Bognor  Bock. 

Grey  wether  (sometimes  large  blocks). 

Greensand  chert  (smcdl  pebbles). 

Hard  purple  grit. 

Felsitc. 

Felspar-porphyry. 

Dionte. 

Greenstone. 

Granite,  coarse-grained  gneissoee  biotite  (in  the  Selsey  mud-deposit). 

Granite,  coarse-graiucd  biotite. 

Granite,  fine-grained  biotite. 

Granite,  with  large  porphyritic  crystals  of  white  orthodase. 

Granite,  hornblende-biotite. 

Granite,  hornblende-biotite,  or  possibly  quartz-mica-diorite.^ 

1^0  first  thing  that  strikes  one.  in.  the  above  list  is  the  prepond- 
erance of  erratics  from  known  localities  not  more  than  20  miles 
from  Selsey.  Previous  writers  do  not  allude  to  the  occurrence  of 
characteristic  Isle  of  Wight  rocks,  and  before  the  exposure  of  the 

^  Prof.  Bonney,  who  examined  the  speoiroens  immediately  before  the  reading 
of  the  paper,  remarked  that  many  of  the  rooks  reminded  him  of  types  met  with 
in  Britanny.  One  specimen — the  granite  with  large  crystals  of  white  orthoclase 
—was,  he  observed,  more  probably  of  Cornish  origin. 
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Glacially  etbiated  Erratic  from  Medherry,  near  Seiset. 
(Portion  of  a  block  weighing  upwards  of  two  tons.) 


[From  a  photograph,  half  natural  size,  by  Mr.  J.  J.  H.  Teall, 
F.E.S.,  F.G.S.] 
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new  section  at  Medmerry  most  of  the  large  detached  boulders  had 
been  found  to  belong  to  igneous,  granitoid,  or  gneissic  rocks,  with 
a  certain  admixture  of  hard  Eocene  sandstone.  This  peculiar  as- 
semblage had  always  puzzled  me,  for  I  could  not  understand  how 
shore-ice  could  bring  various  rocks  from  the  Channel  Islands  or 
other  more  distant  localities  without  bringing  anything  from  the 
Isle  of  Wight.  It  now  appears,  however,  that  the  granitoid  rocks 
are  in  a  small  minority,'  and  that  the  bulk  of  the  material  comes 
from  the  Isle  of  Wight  and  the  Sussex  coast ;  but  the  Isle  of  Wight 
rocks  being  either  calcareous  or  else  much  jointed,  the  boulders  tell 
to  pieces  through  the  action  of  frost,  or  were  crushed  into  moderate- 
sized  fragments,  and  these  are  soon  destroyed  when  once  dislodged. 

It  would  appear  that  every  previous  observer  had  been  able  t/O 
examine  only  the  erratics  loose  on  the  shore,  or  re-deposited  in 
various  parts  of  the  strata  overlying  the  gravel.  This  would  account 
for  nothing  but  hard  rocks  being  contained  in  the  list  published  by 
Godwin-Austen,  and  would  also  explain  the  mistake  in  his  diagram- 
section,  which  placed  the  erratic  deposit  above  instead  of  below  the 
marine  bed  with  Pecten  polymorphus.  As  I  shall  show  farther  on, 
re-deppsited  erratics  of  moderate  size  are  particularly  abundant  in 
the  mud-bed  directly  overlying  clay  with  Chiton  siculus.  The  oc- 
currence of  blocks  at  this  level  probably  misled  Godwin-Austen  as 
to  the  true  succession. 

The  discovery  of  a  striated  erratic  fifty  miles  south  of  the  nearest 
glacial  deposits  in  the  Thames  Valley  deserves  comment.  ^  The 
block  was  a  largo  mass  of  Bognor  Bock,  measuring  5x4  feet  and 
probably  weighing  upwards  of  2  tons.  It  was  full  of  Pectunctdus 
hrevirostris  and  Valuta  denvdata^  but  as  it  lay  with  the  smooth  face 
embedded  in  the  Bracklesham  Clay,  the  striae  were  not  at  once 
observed,  and  the  piece  figured  on  the  opposite  page  was  broken  off  and 
taken  as  a  characteristic  fragment  of  a  known  Eocene  rock.  Only 
on  unpacking  and  washing  the  specimen,  after  my  return  to  London, 
were  the  striae  noticed,  so  that  it  is  impossible  to  say  whether  the 
whole  of  the  buried  surface  of  the  erratic  was  grooved  in  the  same  way. 
The  striae  probably  were  formed  whilst  the  rock  was  still  part  of 
the  solid  projecting  ledge  that  yet  exists  off  Bognor.  A  ledge  of  this 
sort  in  an  icy  sea  would  form  an  obstacle  to  the  drift-ice,  which  swept 
backward  and  forward  with  every  change  of  tide  and  wind.  The 
surface  would  thus  tend  to  become  irregularly  scored  and  striated,  and 
occasionally,  through  the  formation  of  packs,  the  ledge  would  be 
shattered  and  pieces  carried  away.  The  striated  erratic  found  at 
Selsey  mast  not  be  taken  as  evidence  of  the  occurrence  of  glaciers 
on  the  shores  of  the  English  Channel,  for  everything  points  to  the 
agency  of  shore-ice  and  frost  alone. 

*  Banisay,  in  a  note  on  p.  85  of  the  *  OataIog[ue  of  the  Tertiary  and  Post- 
Tertiary  Fossils  in  the  Museum  of  Practical  Geology/  mentions  the  occurrenoe 
of  ioe-scratched  stones  at  8elsey.  The  account  given  by  Ramsay,  both  in  the 
*  Catalogue*  and  elsewhere,  seems,  however,  to  be  taken  from  Godwin-Austen, 
who  speaks  of  boulders  '  presenting  beautifully  smooth  and  polished  surfaces,' 
alluding  evidently  to  the  action  of  the  sea  and  not  of  ice.  The  chalk-flints 
placed  by  Bamsay  in  the  rock-oollection  at  Jermyn  Street  are  not  striated. 
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Opposite  Thorney  Coastguard  Station,  nnd  also  still  nearer  to 
Medmerry  Farm,  the  surface  of  the  Bracklesham  Clays  is  bored 
into  by  that  colony  of  Pholas  crispata  which  struck  Godwin-Austen 
as  so  remarkable,  owing  to  the  size  of  the  individuals.  I  have  had 
many  opportunities  of  examining  the  colony,  and  cannot  help 
thinking  that  the  resemblance  of  the  shells  to  the  gigantic 
specimens  found  in  the  Arctic  seas,  or  in  glacial  deposits  like  the 
Bridlington  Crag,  is  no  accidental  coincidence,  but  shows  that  the 
specimens  lived  under  Arctic  conditions. 

It  will  be  observed  that  Godwin-Austen  distinctly  states  that  the 
southern  Pecten  polymorphus  is  found  within  the  crypts  occupied 
by  the  large  Pholas  crispata.  The  contents  of  a  large  number  of 
these  crypts  were  therefore  examined ;  but,  instead  of  containing 
southern  species,  those  nearest  to  Medmerry  yielded  nothing  but 
Balanus  porcatits,  a  northern  cirripede  not  recorded  from  the  over- 
lying mud-bed,  but  always  associated  with  the  large  Pholas  crispata 
in  the  recent  state. 

This  observation  seemed  difficult  to  reconcile  with  the  statement 
of  Godwin- Austen  ;  but  better  sections  showed  that  in  all  proba- 
bility the  PAo^-borings  belonged  to  an  older  Arctic  deposit.  The 
crypts  ought  thus  usually  to  contain  shallow-water  Littorince  and 
Balani^  like  those  found  in  the  glacial  gravels ;  but  where  the  newer 
marine  strata  happened  to  cut  down  to  the  Bracklesham  Beds,  the 
crypts  in  hard  clay  might  readily  be  partly  scoured  out  and  re-filled 
with  southern  moUusca,  indicating  a  greater  depth  of  water. 

No  Arctic  mollusca  have  at  present  been  noticed  in  the  erratic- 
gravel,  though  valves  of  Balanus  are  abundant,  and  Littorina  also 
occurs.  The  scarcity  of  shells  is  not  surprising,  for  a  shoal  on 
which  ice-foot  constantly  forms,  and  ice  strands  in  spring,  must  be 
a  most  uncongenial  habitat  for  littoral  shells.  Thus  far  no  charac- 
teristic Arctic  mollusca  have  been  discovered  in  our  southern 
counties,  but  the  deposit  at  Medmerry  is  worth  further  search. 

The  next  question  to  be  discussed  is  the  stratigraphical  position 
of  the  gravel  with  erratics  :  is  it  older  or  newer  than  the  marine 
clays?  If  the  suggestion  above  thrown  out  be  correct,  the 
gigantic  Pholas  cnspata  belongs  to  a  cold  period  older  than  the 
incoming  of  the  southern  mollusca,  and  therefore  probably  equi- 
valent to  a  period  when  erratics  were  being  transported.  But, 
unfortunately,  we  cannot  trace  the  erratic-gravels  till  they  pass 
under  or  over  the  clays  with  southern  mollusca,  and  there  remains 
a  gap  of  about  half  a  mile  between  the  two  deposits.  No  doubt  the 
shingle  of  the  old  raised  beach  can  be  seen  to  pass  over  each,  but,  as 
the  relation  of  the  beach  to  the  mild  period  is  not  perfectly  dear, 
the  succession  cannot  be  proved  by  direct  superposition.  Another 
method  is  available :  to  observe  the  occurrence  of  material  derived 
from  the  one  stratum  and  re- deposited  in  the  other.  No  fragments 
of  southern  mollusca  have  yet  been  found  in  the  erratic-gravel, 
but  the  clays  with  southern  mollusca  often  contain  re-deposited 
erratics.  The  gravel  with  erratic  blocks  is  therefore  the  older  of 
the  two. 
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Turning  how  to  the  strata  yielding  evidence  of  a  mild  period,  we  find 
characteristic  fossils  at  two  localities  and  in  deposits  of  two  distinct 
types.  The  first  is  the  well-known  marine  mnd-deposit  of  Selsey  ; 
the  other  is  the  little-known  freshwater  and  estuarine  gravelly 
loam  of  West  Wittering.  The  Selsey  mnd-deposit  has  so  often  been 
described  that  it  is  curious  to  find  that  two  strata  seem  to  be 
included  under  the  term.  One  of  them  probably  gives  the  name, 
the  other  yields  the  characteristic  southern  fossils.  A  section,  seen 
nearly  a  quarter  of  a  mile  south-east  of  Thorney  Gap  during  the 
recent  gales,  is  shown  in  fig.  2,  but  under  ordinary  circumstances 
little  or  nothing  is  visible  between  tide-marks,  except  beach-sand 
and  the  Bracklesham  Clays. 

Pig.  2. — Section  of  the  cliff  and  foreshore  at  Selsey  Bill. 


(Scale,  vertical,  20  feet»l  inch ;  homontal,  100  feete  1  inch.) 

feet 
6.  Stony  loam,  gravelly  at  base,  chalky  where  unweathered  (=Coombe 
Rock) 6 

{Shingle,  with  occasional  frapnente  of  Greeneand  chert   and  other 
erratics  (=  Raised  Beach  of  Brighton  ?) 4 
Sand  and  shingle 3 

Hidden  under  recent  beach  (probably  all  sand  and  shinde,  as  above)...     6 
4.  Black,  stony,  estuarine  mud,  with  driftwood,  acorns,  Scrobicularia  in 
the  position  of  life,  Hvdrobia  ulva,  Littorina  obtuaata^  Eissoa  parvay 

Vtriculus,  TeUina  boMhica^  Cardium  edtde   2 

3.  Stony  clay  with  numerous  re-deposited  erratics  (base  of  No.  4)  OJ 

2.  Hard  greenish  clay,  full  of  derivative  Bracklesham  fossils,  and  with 
Pleistocene  marine  moUusoa.  Chiton  siculu.%  Bissoa  cimex,  &o. 
Occasional  large  Chalk  flints  and  erratic  blocks.  (Thi-«  deposit  is 
likely  to  be  confounded  with  the  underlying  Eocene  strata,  for  it  is 
mainly  formed  of  re-deposited  Bracklesham  material,  and  contains 

more  Eocene  than  Pleistocene  fossils)   2 

1.  Bracklesham  Beds. 

The  first  thing  to  strike  one  in  this  section  is  that  three  different 
types  of  sediment  are  represented  among  the  brackish- water  and 
marine  strata.  The  lowest  bed  is  a  purely  marine  deposit,  with  a 
molluscan  fauna  of  southern  type,  showing  a  depth  probably  of  10 
or  25  fathoms.  The  next  is  a  Scrobicularia-mud,  with  estuarine 
shells  and  land-plants,  and  was  clearly  formed  between  tide-marks. 
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The  third  is  a  mass  of  littoral  sand  and  shingle,  resting  irregularly 
on  the  fossiliferous  strata,  and  within  a  short  distance  overlapping 
on  to  Bracklesham  Beds.  All  three  deposits,  notwithstanding  their 
different  lithological  character  and  fossils,  helong,  I  believe,  to  one 
series,  and  point  to  a  gradual  shoaling  of  the  water  and  change  from 
an  open  sea  to  a  sheltered  estuary. 

The  fossils  in  Bed  2  clearly  show  the  influence  of  warmer  seas 
than  those  which  now  wash  our  shores;  for  among  the  large 
number  of  mollusca  already  recorded,  several  have  a  range  exclusively 
southern,  and  none  are  boreal.  From  Beds  3  and  4  we  have  a  much 
smaller  list,  and  the  species  are  not  characteristically  southern, 
though  certainly  not  Arctic.  The  associated  plants  include  the  oak, 
blackberry,  dog-rose,  bird -cherry,  bugle,  louse  wort,  orache,  homed 
pond- weed,  and  two  or  three  sedges.  They  point  to  a  climate 
sufficiently  mild  for  forest-trees  such  as  the  oak,  and  therefore  too 
mild  to  allow  of  the  formation  of  ice-foot.  Bed  5  does  not  appear  yet 
to  have  yielded  fossils  at  Selsey,  but  deposits,  probably  of  the  same 
age,  at  Worthing  and  Brighton  contain  only  common  littoral  species 
such  as  inhabit  our  seas  at  the  present  day. 

The  fossiliferous  strata  at  West  Wittering  are  seen  on  the  fore- 
shore, nearly  half  a  mile  north-west  Of  the  Beacon  and  due  south  of 
the  farm  near  the  edge  of  the  cliff.  The  relations  of  the  deposits 
are  so  difficult  to  make  out,  except  after  long-continued  gales,  that 
it  will  be  advisable  to  describe  what  was  seen  during  last  autumn 
and  winter  on  the  half-mile  of  coast  between  West  Wittering  Beacon 
and  the  extreme  point  of  the  peninsula.  To  the  west  I  found  the 
stony  loam,  which  overspreads  the  whole  of  the  district,  resting  on 
an  irregular  surface  of  Eocene  clay.  The  clay  rose  to  above  the 
level  of  high  water,  and  at  several  spots  erratic  blocks  were  noticed 
embedded  in  pits  or  channels  in  its  upper  surface.  A  quarter  of  a 
mile  to  the  south-west,  shingle  like  that  seen  at  Selsey  comes  in 
between  the  stony  loam  and  the  Eocene  clay.  Then,  within  a  few 
yards,  appear  indications  of  an  ancient  eroded  channel,  and  beneath 
the  shingle  is  seen  a  series  of  freshwater  and  estuarine  strata  having 
a  gravelly  base  full  of  re-deposited  erratics.  This  channel  cuts 
down  into  the  Eocene  clay  to  the  level  of  low-water,  but  is  only 
about  ^  mile  wide.  Eastward,  however,  appearances  are  most 
deceptive,  for  the  more  modern  channel  of  an  existing  valley  has  cut 
through  the  Pleistocene  deposits  and  breaks  into  the  side  of  the 
older  river-bed.  One  thus  occasionally  finds  re-deposited  bones 
of  Elephant  at  the  base  of  the  later  alluvium.  The  juxta- 
position of  the  two  deposits  will  lead  to  much  confusion,  unless  the 
greatest  care  is  taken  ;  for  the  strata  were  formed  under  somewhat 
similar  conditions,  though  the  fossils  are  different.  In  the  newer 
deposits  bones  of  Bos  are  abundant,  and  the  mollusca  are  all  species 
common  in  the  immediate  neighbourhood  at  the  present  day.  In 
the  older  series  the  bones  belong  to  Rhinoceros  and  EUphas; 
Corhicula  Jluminalis  is  the  most  abundant  shell,  and  Sucdnea 
ohloiiga  and  Hydrobia  inatrjinaia  are  both  common. 
'    The  deposits  in  the  older  river-channel  are  so  irregular  and  thin 
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that  it  would  be  difficult  to  g^ve  any  but  the  most  diagrammatic 
section  of  them.  The  general  succession  seen  on  the  foreshore  on 
the  west  side  of  the  channel  is  : — 

Laminated  poaty  clar,  with  Corbicula^  &c. 

Clayey  gravel,  with  large  flints,  blocks  of  granite,  &c. 

Eocene  Clay. 

A  short  distance  to  the  east  we  find  : — 

Mass  of  rolled  clay  pebbles. 
White  marl  with  Chalk  grains. 
Clayey  gravel  with  erratics. 

Still  farther  east  the  marl  dies  out,  and  peaty  clay  full  of  Corhicula 
comes  on  again.  The  deposits  here  described  are  seen  on  the  fore- 
shore, but  the  low  cliff  above  shows  that  the  old  beach-shingle 
extends  right  across  the  channel,  and  is  overlain  by  stony  loam. 

In  the  peaty  clays  overlying  the  gravel  with  re-deposited  erratics 
were  found  several  bones  of  Rhinoceros,  Between  and  around  the 
bones  were  seen  numerous  land  and  freshwater  shells  and  seeds  of 
plants.  So  that  there  might  be  no  doubt  as  to  the  contemporaneity 
of  the  different  fossils,  a  large  sample  of  the  peaty  and  sandy  clay 
was  taken  from  the  same  spot  where  the  bones  were  found.  The 
material,  after  washing  and  picking  over,  yielded  a  large  series  of 
shells  and  plants  ;  and,  as  this  is  the  first  case  in  which  any  consider- 
able number  of  plants  has  been  found  in  this  country  associated 
with  Pleistocene  mammalia  and  moUusca,  I  give  the  complete  list  of 
these  classes,  leaving  the  colooptera  and  entomostraca  for  future 
work.  For  the  determination  of  the  mosses  I  am  indebted  to  my 
friend  Mr.  A.  Gepp. 


MOLLTJSCA.  PBOM  WeST  WiTTBRING. 


CardiMm  edttle,  Linn. 
Scrobicularia  piperaiaf  BeUon. 
TeUina  haUhica^  Linn. 
Carbicula  fluminalis,  Miill. 
SpJueHum  cometimy  Linn. 
IHaidium  amnicum,  Mull. 

•  ptisiUum,  Gmel. 

Bi/thinia  tehtaciUata,  Linn. 
ValwUa  pucinalUf  Mull. 

cristaiat  Miiil. 

Mydrobia  marginata,  Mich. 

gimilis^  Drap. 

viva,  Pen. 

vetUr&sa,  Mont. 

Tlanorhia  oarinaius,  Miill. 

■ complanatusy  Linn. 

conioritu,  Linn. 

nautUeu%  Linn. 

niiiduSf  Moll. 

. gpirorbiSi  Linn. 


Limnaa  aurictUaria,  Linn. 

palustria,  Miill. 

peregra,  Miiil. 

Ancylm  jluviatUis^  Miill. 
Velletia  laeusiris,  Linn. 
Li  max  agrestiSj  Linn. 
Succinea  elegans,  Risso. 

ohlonga^  Drap. 

Zonites  ftuvuSf  Miill. 
Helix  hispida  (?)  Linn. 

nemoralis,  Linn. 

pulcheUa,  Miill. 

rotundata^  Miill. 

rupestriSy  Studer. 

,  sp. 

Zua  lubrica,  Miill. 
Pupa  muscorum,  Linn. 
Vertigo  edentuUit  Drap. 
Clawrilia  biplicata,  Mont. 
Carychium  minimum,  Miill. 
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Flowering  Plants  frosi  West  Witteriko. 


Thalic&um  flavum,  linn. 
Ranunculus  aquatilis^  Linn. 

sceleratus^  Linn. 

Lingua,  Linn. 

repms,  Linn. 

bulboaiis,  Linn. 

sardouSf  Crantz. 

parvifiorut,  Linn. 

Calf  ha  palustris,  Linn. 

Nnphar  luteum,  Sm. 

Viola  (?). 

Sifene  maritima,  Witb.  (seed  small). 

Sfeflaria  media,  Oyr. 

Pru7iU8  Ceraeus,  linn,     (or  P.  avium, 

Linn.). 
Spiraa  U'maHa,  Linn,  (fruit  small). 
Hubusfruticosus,  Linn. 
Poterivm  officinale,  Houk.  f. 
ii'oMi  canina,  Linn. 
mppttris  vulgaris,  Linn. 
MyiriophyUum  npicatum,  Linn. 
Hydrocotyle  vulgaris,  Linn. 
(&nanthe crocatal  Linn,  (fruit  small). 

Thellandrium,  Lam.  (fruit  small). 

Angelica  njlvestriif,  Linn. 
CbrtfiM  sanguvnea,  Linn. 
Samhucus  nigra,  Linn. 


Kt^<r9i«m  CJptf/us,  Linn. 
Scabiosa  succisa,  Linn. 
Eupatorium  cannabinum,  Linn. 
Cnt'oud  lanceolatus,  Hoffm. 
Lapsana  communis,  Linn. 
Menyanthes  irifoliata,  Linn. 
Lt/copus  europaus,  Linn. 
Ajuga  reptans,  Linn. 
Atriplex  patula,  Linn. 
Polygonum  Persicaria,  Linn. 
Rumex  conglomeratus,  Murr. 

obtumfolius,  Linn. 

Mercurialis  perennis,  Linn. 
Corylus  Avellana,  Linn. 
Quercus  Rohur,  Linn. 
Cerafopkyllum  demeraum,  Linn. 
Sparganium  ramotfum,  Curtis. 
Potamogeton  nafans.  Linn. 

heterophylluty  Scbreb. 

trichoidft,  Cham. 

Ruppia  marilima,  Linn. 
Za.nnichellia  palustris,  Linn. 
Eleocharis  palustris,  R.  Br. 
Scirpus  paucifiorujt,  Ligbtf. 

lacustris,  Linn. 

C'aror  distans,  Linn. 
riparia,  Curtis. 


Mosses  (detennined  by  A.  Gepp,  FX.S.). 


Wbot  Wittering. 

Neckera  complanafa,  Huebener. 
Uornalofhecium  sericeum,  Br.  &  Sch. 
Eurhynchium  pralongum,  Br.  &  Sch. 

upeciosum.  Sob  im  per. 

Hypnum  cupressiforme,  Linn. 
-1-  SchrebeH,  Willd. 

fluitans,  Linn. 

aduncum,  Hedw. 


SeL8£Y. 

Leucodon  sciuroides,  Scliwaegr. 
Homalothecium  sericeum,  Br.  &  Sch. 
Eurhynchium  prtslonaum,  Br.  &  Sch. 
Brachythecium  papuleum,  Br.  &  Sch. 
Hypnum  cvpressijorme,  Linn. 


The  mammalian  remains  as  yet  found  all  belong  to  Ehinoceros  and 
Elephant,  though  gnawed  hazel-nuts  show  that  a  rodent,  aooording 
to  Mr.  E.  T.  Newton,  F.G.S.,  probably  the  squirrel,  ought  also  to 
occur.  Bones  of  fishes  are  extremely  rare,  and  none  belonging  to 
amphibia  have  been  met  with. 

The  mollusca,  with  four  exceptions,  are  common  British  forms. 
Corhicula  Jluminalis  and  Uydrohm  marginata  are,  however,  entirely 
extinct  in  Britain.  Succinea  ohlonga  is  not  now  found  in  the  South- 
east of  England,  while  Mydrohia  nmilis  is  confined  to  the  Thames. 
Three  of  these  species  are  abundant  in  Pleistocene  deposits  in 
various  parts  of  England.  It  may  be  observed  that  none  of  the 
characteristic  species  of  the  South  of  England  have  been  met  with 
at  West  Wittering,  but  as  these  southern  forms  are  all  dry-soil 
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species  the  circumst'aiice  is  not  surprising.  As  most  of  the  mollusca 
included  in  our  list  have  a  considerable  climatic  range,  nothing 
definite  can  be  said  as  to  the  climate  they  indicate,  though  the 
general /aci«  of  the  collection  is  certainly  not  boreal. 

The  ^ants  yield  much  more  satisfactory  evidence  as  to  climate, 
and  several  of  the  species  in  our  list  have  a  limited  range  to  the 
north.  In  fact  the  assemblage  distinctly  points  to  climatic  con- 
ditions similar  to  those  of  England  at  the  present  day.  The  oak, 
wild-cherry,^  cornel,  elder,  guelder-rose,  and  hazel  are  the  only 
trees  yet  met  with,  but  of  these  the  cornel  does  not  extend  into  the 
North  of  England.  AU  except  one  of  the  plants  still  live  in  Sussex ; 
but  Potamogeton  trichoides  does  not  now  occur  in  the  South  of 
England. 

The  lower  part  of  the  deposit  at  West  Wittering,  though  extend- 
ing below  the  level  of  half-tides,  is  of  purely  freshwater  origin ;  but 
the  upper  part  of  the  loam  contains  many  estuarine  HydroUaij 
occasional  cockles,  and  some  salt-marsh  plants.  The  incoming  of 
marine  species  would  seem  to  indicate  depression,  and  perhaps  direct 
continuity  with  the  marine  shingle  which  overlies  the  fossiliferous 
deposit.  The  freshwater  and  estuarine  strata  at  West  Wittering 
may  therefore  represent  the  deposits  lying  between  the  purely  marine 
clay  at  Selsey  and  the  old  beach  ;  but  on  the  other  hand  it  is  quite 
possible  that  they  are  older,  and  that  they  help  to  fill  the  gap  be- 
tween the  clay  with  southern  mollusca  and  the  underlying  erratic- 
graveL  In  any  case,  all  these  fossiliferous  deposits  are  of  later  date 
than  the  erratic-gravel  and  earlier  than  the  Coombe  Eock ;  but  on 
the  first  hypothesis  there  is  a  sharp  break  between  the  littoral  Arctic 
erratic-gravel  and  the  immediately  overlying  marine  clay  with 
southern  shells ;  while  on  the  second  hypothesis  a  land  period  is 
gradually  followed  by  depression,  becoming  more  and  more  marked, 
and  then  changing  again  into  an  upward  movement.  Which  may 
be  the  true  succession  of  these  minor  horizons  the  evidence  is  not 
yet  sufficient  to  decide. 

From  what  has  already  been  stated  it  will  be  clear  that  on  the 
Sussex  coast  a  deposit  of  glacial  origin  is  overlain  by  one  yielding  a 
temperate  fauna  and  flora,  this  latter  being  without  Arctic  species, 
but  including  a  few  southern  forms.  Above  these  fossiliferous  strata 
lie  stony  and  chalky  brick-earth  and  Coombe  Hock,  which,  if  my 
conclusions  are  correct,  indicate  a  recurrence  of  Arctic  conditions. 
The  strata  yielding  evidence  of  a  temperate  climate  seem  therefore 
to  belong  to  an  interglacial  or  mild  episode. 

It  may  be  interesting,  before  leaving  the  subject,  to  sketch  the 
probable  correlation  of  the  Pleistocene  deposits  of  the  Sussex  coast 
with  those  of  other  districts  which  I  have  specially  studied ;  for 
much  additional  evidence  has  recently  been  obtained,  and  it  now 
appears  that  there  exists  in  various  parts  of  this  country  a  charac- 
teristic interglacial  fauna. 

In  the  Thames  Valley  there  seems  to  be  a  threefold  division 

^  The  bird-cherry  {Prunua  padus)  is  the  species  found  at  Selsey ;  the  oommon 
sloe  {Prunus  spinoaa)  has  not  occurred  at  either  locality. 

Q.J.G.S.  No.  190.  2  b 
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similar  to  that  found  on  the  Sussex  coast.  We  begin  with  Chalky 
Boulder  day :  a  natural  equivalent  of  the  lower-lying  marine  glacial 
deposit  50  miles  farther  south.  Next  come  fossiliferous  loams,  full 
of  Corbictiiu,  Succinea  oblonga^  and  Hydrohia  marginata^  as  in 
Sussex ;  and  yielding  also  bones  of  Ehinoceros  and  Elephant,  and 
leaves  of  plants,  among  which  I  may  mention  the  ivy,  a  species 
which  cannot  bear  great  cold.  Above  the  fossiliferous  loams  usually 
occur  widespread  sheets  of  rough  flint-gravel  and  stony  brick-eartl^ 
with  Palaeolithic  implements  and  occasional  bones,  exactly  as  in 
Sussex,  except  that  the  material,  being  derived  largely  from  older 
morainic  deposits,  and  not  directly  from  Cretaceous  rocks,  yields 
little  chalk. 

It  has  been  usual  to  speak  of  the  gravels  in  the  Thames  Valley  as 
river-gravels,  or  terrace-gravels,  marking  successive  stages  in  the 
excavation  of  tho  valley.  A  study  of  the  Sussex  levels,  however, 
makes  me  incline  to  the  opinion  that  the  widespread  sheets  of 
gravel  in  the  Thames  Valley  were  deposited  in  the  same  way  as  the 
similar  sheets  in  Sussex.  In  short,  they  were  not  river-gravels,  but 
frozen- soil  gravels,  laid  down  on  plains  sloping  gently  towards  the 
River  Thames.  They  may  have  been  deposited  at  all  heights  con- 
temporaneously, as  long  as  the  slope  did  not  exceed  about  100  feet 
in  the  mile.  In  favour  of  this  view  of  the  origin  of  the  greater  part 
of  the  Thames  Valley  gravel  and  brick-earth,  may  be  mentioned  the 
rarity  of  all  fossils  except  land  mammals,  and  the  absence  of  aquatic 
species ;  as  is  the  case  also  in  the  Coombe  llock.  There  is  moreover 
the  occurrence  of  old  land-surfaces  on  which  flint-chips  were 
scattered,  and  on  which  the  flakes  occur  in  close  proximity  to  the 
cores  from  which  they  were  struck.  The  bearing  of  this  last  fact 
seems  to  be  important,  for  these  floors  may  be  covered  with  coarse 
detritus,  which  needed  considerable  force  to  move  it,  and  under 
existing  conditions  would  be  accompanied  by  considerable  erosion. 
If,  however,  the  climate  were  colder,  the  flakes  would  freeze  into 
the  soil,  and  a  sudden  fall  of  rain  might  wash  gravel  or  loam  over 
them,  without  disturbing  the  old  surface,  which  at  the  time  was 
frozen  into  a  solid  rock. 

This  view  of  the  origin  of  the  Thames  Valley  gravels  is  so  contrary 
to  the  ordinarily  accepted  opinion  that  for  several  years  I  have 
hesitated  to  bring  it  forward :  but  I  may  point  out  that  it  will 
greatly  simplify  the  geology  of  the  district.  Instead  of  our  having 
to  deal  with  a  complicated  series  of  gravel-terraces  formed  when  the 
Thames  stood  at  different  levels,  or  formed  during  a  Pluvial  Period, 
there  is  probably  one  sheet,  belonging  to  a  single  period.  Beneath 
this  sheet  of  gravel  and  unfossiliferous  loam  are  found,  at  difierent 
levels,  relics  of  lacustrine  strata  belonging  to  an  earlier  mild  period 
when  Corbicula  fluminalis  flourished,  exactly  as  in  Sussex.  The 
excavation  of  the  Thames  Valley  dates  back  to  still  earlier  times, 
when  the  river  flowed  parallel  with  the  southern  margin  of  the  ice- 
sheet,  and  received  the  sub-glacial  drainage  of  this  sheet  as  well  as 
that  of  the  present  catchment-basin.  No  trace  of  truly  pre-gladal 
deposits  has  yet  been  found  in  the  Thames  Valley. 
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As  we  travel  northwards  the  deposits  of  the  mild  interglacial 
period  seem  to  be  represented  by  the  raised  estuarine  and  fluviatile 
strata  of  Clacton,  in  Essex,  with  Corbicula  JtuminaUs^  Unio  littora- 
USy  &c..  In  Norfolk  we  find  on  the  ooast  at  Mundesley  a  series  of 
loama  with  Hydrohia  marginata  and  Emya  hUaria.  These  rest  in 
an  eroded  channel  in  Boulder  Clay  and  are  covered  by  coarse  gravels 
without  fossils.  The  same  period  is  probably  represented  in  the  Pen- 
land  by  the  gravels  of  March,  which  contain  a  somewhat  boreal  assem- 
blage of  marine  mollusca,  but  are  also  fall  of  Corbicula  Jluminalis, 

8till  farther  north  the  same  assemblage  of  marine  mollusca  that 
characterizes  the  March  gravels  is  found  to  lie  between  two  Boulder 
Clays,  but  there  again  it  is  full  of  the  Corbicula.  At  Bridlington 
and  Speeton  f  ossilif  erous  strata  underlie  a  great  thickness  of  Boulder 
Clay,  but  rest  directly  on  Secondary  rocks.  These  strata  my  friend, 
Mr.  G.  W.  Lamplugh,  is  inclined  to  speak  of  as  'pre-glacial';  but 
after  carefully  reading  his  paper  ^  and  re-examining  my  notes  I 
still  think  that  the  correlation  adopted  in  my  memoir  on  Holderness 
U  correct.  North  of  Plamborough  Head  no  trace  of  this  character- 
istic fauna  has  yet  been  found,  and  the  so-called  interglacial' 
deposits  of  Scotland  yield  so  large  a  proportion  of  plants  generally 
considered  to  have  been  introduced  as  weeds  of  cultivation  that  I 
cannot  help  feeling  that  some  mistake  has  been  made,  and  that 
landslips  or  creep  have  in  most  cases  been  the  cause  of  the  appear- 
ance of  Boulder  Clay  above  the  f  ossilif  erous  strata. 

Though  the  land  and  freshwater  species  show  little  change  of 
climate  between  south  and  east,  there  exists  a  marked  difference  in 
the  marine  mollusca.  In  Sussex  the  marine  fossils  seem  to  indicate 
a  sea  warmer  than  the  air,  while  in  the  Eastern  Counties  the  air  was 
apparently  warmer  than  the  sea.  This  discordance  may  have  been 
due  to  the  want  of  connexion  between  the  two  seas,  but  we  do  not 
yet  know  at  what  date  England  was. separated  from  the  Continent. 

From  what  has  been  said  in  the  foregoing  remarks  it  will  appear 
that  the  South  and  East  of  England  show  evidence  of  two  distinct 
periods  of  Arctic  cold.  During  the  earlier  of  these  periods  all  Britain 
north  of  the  Thames  was  buried  under  ice,  excepting  certain 
nunatakSj  or  isolated  hills  rising  through  the  ice.  Then  came  a 
mild  episode,  during  which  a  characteristic  mammalian  and  mollus- 
can  Pleistocene  fauna  inhabited  this  country,  and  southern  species 
of  the  Cromer  Porest-bed  re-appeared.  Afterwards,  an  increase  of 
cold  caused  a  second  glaciation  of  the  area  north  of  the  Wash, 
whilst  in  non-glaciated  areas  rain  falling  on  frozen  soil  led  to  the 
formation  of  extensive  sheets  of  gravel. 

DlSCTTSBION  (on  THE  TWO  PBECBDINO  PaPEBS). 

The  Pbesidekt  gave  expression  to  what  he  felt  sure  was  the 
general  feeling  of  regret  that  continued  indisposition  again  pre- 
vented Prof.  Prestwich  from  being  present  at  the  reading  and  dis- 
cassion  of  his  important  paper.    He  also  complimented  Mr.  Eeid  on 

>  Qwrt.  Journ.  Qeol  Soc.  vol.  xlvii.  (1891)  p.  384. 
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the  good  nse  he  had  made  of  his  time  on  the  Sussex  coast,  pointing 
out  that,  on  the  whole,  his  conclusions  were  somewhat  different  from 
those  of  Prof.  Prestwioh. 

Dr.  Eyans  deeply  regretted  the  indisposition  of  the  Author  of  the 
first  paper,  in  whose  absence  he  did  not  care  to  discuss  the  theoretical 
part  of  the  paper,  with  much  of  which  he  was  at  present  unable  to 
agree.  At  the  s^me  time,  looking  at  the  submergence  during  the 
Glacial  Period  of  so  much  of  England  north  of  the  Thames,  he  saw 
no  reason  why  the  south  should  not  have  been  submerged  likewise. 
He  said  that  aJl  must  feel  grateful  to  the  Author  for  having  brought 
together  his  observations,  ranging  over  so  many  years,  and  so 
carefully  arranging  his  fact<s.  He  might,  however,  ask  the  question 
whether  too  many  different  deposits  had  not  been  classed  together 
under  the  name  of  Head  or  Bubble-drift. 

The  speaker  regarded  Mr.  Clement  Reid's  paper  as  a  most  im- 
portant contribution  to  Glacial  histor}'.  His  observations  seemed  to 
show  that,  besides  the  transportation  of  erratics  from  northern 
centres,  they  were  also  occasionally  derived  from  southern  and 
western  sources.  In  fact  a  new  field  of  observation  had  been 
opened  up.  He  enquired  whether  the  fluviatile  beds  mentioned  by 
the  Author  might  not  be  connected  with  the  valley  of  that  old  river 
the  bed  of  which  had  been  widened  by  marine  erosion  to  form  the 
Solent  Sea,  and  at  the  same  time  referred  to  some  old  speculations 
of  his  own,  published  in  his  '  Ancient  Stone  Implements  of  Great 
Britain.' 

Mr.  W.  A.  E.  TJssHER  corroborated  Mr.  Reid's  evidence  as  to  the 
stranding  of  erratics  upon  the  Eaised  Beach  platform  on  the  South 
Coast,  having  lately  discovered  two  large  granite-boulders  upon  the 
well-marked  Raised  Beach  platform  between  Start  and  Prawle  Points 
in  the  South  Hams,  Devon,  at  the  base  of  a  cliff  composed  of  stony 
loam  ('  Head '),  occupying  a  broad  shelf  at  the  foot  of  a  steep  craggy 
slope  composed  of  mica-schists.  He  commented  on  a  section  of  an 
isolated  pinnacle  of  *  Head '  at  Godrevy  in  Cornwall  figured  by  him 
in  1879  (*  Post-Tertiary  Geology  of  Cornwall '),  and  quoted  by 
Prof.  Prestwich  as  negativing  the  idea  of  the  *  Head '  being  due  to 
subaerial  waste  on  account  of  the  low  elevation  of  the  neighbouring 
coast-line,  pointing  out  that  further  data  as  to  the  contour  adjoining 
the  cliff-line  were  wanting.  As  to  the  accumulation  of  the  '  Head ' 
on  the  Devon  and  Cornwall  coast  being  due  to  submergence,  he 
ventured  to  differ  from  Prof.  Prestwich  on  two  grounds.  First,  the 
only  obtainable  measure  of  submergence  we  had  was  furnished  by 
the  heights  of  the  Raised  Beaches  relative  to  present  high  water ; 
and  Prof.  Prestwich's  explanation  of  the  ^  Head '  necessitated  the 
continuance  of  the  submergence  for  at  least  100  feet  without  a 
pause,  whereas  he  bad  shown  in  1879  that  in  the  Camel  estuai^' 
opposite  Padstow  a  pause  in  the  elevation  of  the  Raised  Beach 
of  that  coast  had  permitted  the  formation  of  a  beach  now  repre- 
sented by  reefs  of  consolidated  sand,  surrounded  by  the  present 
sand  beach  between  the  tide-lines.  This  proved  the  presence  of  two 
old   beaches   on   the  same  coast,  the  one  at  5  feet  or  so  above 


Digitized  by  VjOOQ IC 


ASL  PLEISTOCEVB  DBP08II8  OF  THE  SUSSEX  COAST.  363 

high-water  mark,  the  other  at  ahout  the  present  mean  tide-leyel ; 
BO  that  there  was  a  priori  reason  to  conclude  that  a  subsidence  of 
100  feet  or  more  would  have  been  marked  by  at  least  some  pauses 
during  which  raised  beaches  would  have  been  formed  and  rock- 
platforms  or  notches  cut  at  higher  levels. 

In  the  second  place  he  pointed  out  that,  whilst  the  rude  semblance 
of  stratification  in  the  *  Head  '  of  Cornwall  and  Devon  could  readily 
be  explained  by  fluctuating  meteorological  conditions  and  local  variar 
tions  in  the  rocks  disintegrated,  there  were  no  signs  of  current- 
bedding  in  the  'Head,'  although  the  rapid  submergence  and 
emergence  necessitated  by  Prof.  Prestwich's  explanation  would 
involve  the  operation  of  currents. 

He  was  pleased  to  find  that  Mr.  Reid,  in  correlating  the  *  Head ' 
and  the  CoombeKock,had  come  to  pretty  much  the  same  conclusion  as 
that  expressed  by  himself  in  1879  respecting  the '  Head  *  on  the  Devon 
and  Cornish  coasts,  viz.  that  it  indicated  a  more  rigorous  climate. 

Mr.  J.  Allsn  Brown  believed  that  rubble  deposits  had  been 
formed  at  all  times  since  the  last  period  of  emergence.  He  thought 
Prof.  Prestwich  had  not  attached  sufficient  importance  to  the  action 
of  subterranean  waters,  which,  after  saturating  the  Chalk,  carried  off 
in  solution  and  mechanically  the  carbonate  of  lime,  thus  massing 
the  strata  of  flints  together  by  the  removal  of  the  Chalk,  and  causing 
the  formation  of  rounded  chalk-rubble  beneath  as  well  as  intermixed 
with  them.  Prof.  Prestwich  had  shown  in  previous  papers  that  sub- 
terranean water  did  not  flow  in  direct  lines,  but  followed  the  lines 
of  least  resistance  arising  from  the  difference  in  density  of  the 
Chalk,  and  that  such  agency  was  most  frequently  seen  in  action  in 
combes  or  valleys  having  egress  to  the  sea. 

Such  a  valley  was  that  at  East  Bean,  which  he  had  occasion  to 
examine  recently,  as  implements  of  Palaeolithic  type  had  been  found 
there  in  the  aggregated  flint-bed.  The  section  at  Eirling  Gap,  near 
East  Dean,  from  the  contortioti  and  irregularity  of  the  deposits  had  the 
appearance  of  being  due  to  glacial  action,  but  ou  closer  examination 
was  found  to  be  formed  by  subterranean  water-erosion,  as  the  beds  of 
flint  could  be  seen  in  situ  in  the  adjoining  cliff.  Such  rubbly  deposits 
could  also  be  formed  in  depressions  on  the  slopes  of  hills,  by  the  same 
action  combined  with  subaerial  agency. 

He  noticed  that  Mr.  Clement  Reid  had  thrown  some  doubt  upon 
the  fluviatDe  origin  of  the  high-terrace  gravel  deposits,  as  at  High- 
bury ;  but  he  hardly  thought  there  could  be  any  uncertainty  in  the 
matter,  although  his  own  investigations,  which  ho  hoped  to  complete 
and  submit  to  the  Society,  led  him  to  believe  that  the  action  of  ice 
or  of  an  ice-sheet  impinging  on  the  river  carried  with  it  much  more 
transported  matter  than  had  been  generally  admitted,  and  that  such 
ice-borne  detritus  varied  locally  according  to  the  superficial  deposits 
of  the  country  over  which  it  travelled — here  depositing  the  pebbles 
of  a  Bagshot  or  Westleton  bed,  and  elsewhere,  perhaps,  the  foreign 
rocks  emanating  from  a  distant  glacier. 

Prof.  Hughes  felt  that  Prof.  Prestwich's  paper  covered  so  wide  a 
field  of  enquiry  that  it  was  hardly  possible  to  discuss  it  in  one 

Q.J.G.S.  i\o.  190.  2  c 
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eyeniDg  ;  but  he  thought  that  it  would  probably  bear  fruit  in  many 
papers  which  would  hereafter  be  written,  dealing  with  the  sevend 
points,  by  those  acquainted  with  the  special  districts  and  sections 
referred  to.  With  regard  to  the  views  of  Mr.  Clement  Reid,  he  cri- 
ticized the  evidence  offered  of  a  mild  age  between  two  cold  ages,  and 
said  that  he  had  much  difficulty  in  understanding  how,  during  a 
period  of  such  severe  glaciation  as  to  allow  of  the  transport  of 
boulders  in  ice  from  Brit^nny  to  Sussex,  there  should  not  have  been 
northern  ice  pushing  its  way  south  ;  unless  we  supposed  a  great 
elevation  in  Britanny,  and  a  great  depression  in  the  English 
Channel.  He  drew  attention  to  the  manner  in  which  single 
boulders  were  carried  along  a  shore,  and  the  mode  of  settlement 
of  stones  into  non-calcareous  strata,  and  asked  whether  the  boulders 
noticed  by  Mr.  Reid  might  not  have  been  merely  fragments  of  Iocs] 
rocks,  with  here  and  there  a  boulder,  the  relic  of  patiches  of  drift 
now  all  washed  away  ;  and  whether  they  might  not  all  have  been 
trundled  along  by  the  sea  to  the  place  where  he  found  them,  and 
have  been  half  buried  by  (me  or  other  of  the  processes  which  he  had 
just  described. 

Dr.  Hicks  said  he  did  not  think  the  evidence  was  quite  con- 
clusive that  the  erratics  of  non-local  origin  referred  to  by  Mr.  Eeid 
had  not  been  brought  from  a  northern  source,  either  by  ice  floating 
down  the  Channel,  or  passing  across  some  part  of  England. 

Prof.  Skeley,  Mr.  Whitaxer,  and  the  Rev.  H.  H.  Winwood  also 
spoke. 

Mr.  C.  Eeid  replied  to  the  observations  made  on  his  paper. 
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21.  The  New  Railway  ^om  Gbats  Thttbboce  to  Romfobd:  SBcrioirs 
between  IJpMDrsTEB  and  Romford.  By  T.  Y.  Holmes,  Esq., 
F.G.S.    (Read  March  9tb,  1892.) 

This  railway,  whioh  has  been  in  process  of  construction  during  the 
last  two  or  three  years  and  is  still  incomplete,  diverges  from  the 
London  and  Tilbury  line  about  a  mile  west  of  Grays  Thurrock 
station.  Thence  its  range  is  either  northerly  or  north-westerly. 
It  crosses  the  Mardyke  about  half  a  mile  west  of  Stifford,  and  its 
course  lies  westward  of  the  villages  of  North  and  South  Ockendon 
and  eastward  of  Stubbers  aud  Cranham  Hall.  From  Cranham  Hall 
to  Romford  its  direction  is  more  westerly.  At  Upminster  it  joins 
the  railway  from  Barking  to  Langdon  Hills  and  Pitsea,  and  then, 
leaving  it  again  dose  to  Upminster  station,  keeps  on  the  northern 
side  of  the  road  between  Upminster  and  Homchurch,  and  crosses 
that  ranging  northward  from  the  last-named  village  at  Butts  Green. 
Then,  passing  close  to,  but  southward  of,  the  farmhouse  called  Great 
Gardens,  it  joins  the  Great  Eastern  Railway  about  half  a  mile  east 
of  Romford  station.  The  portion  of  the  line  south  of  Upminster 
is  in  a  more  advanced  st^te  than  that  between  Upminster  and  Rom- 
ford, the  mile  nearest  Romford  being  at  present  (Feb.  1892)  in  the 
most  backward  condition. 

Having  described  elsewhere  the  sections  seen  between  West 
Thurrock  and  the  Mardyke,*  I  will  only  remark  with  respect  to  that 
part  of  the  line  that  the  junction  of  the  Chalk  with  the  Thanet 
8ands  was  once  visible  where  Back  Lane  crosses  the  railway.  Thence, 
to  the  end  of  the  cutting  north  of  Back  Lane,  Thanet  Sands  (below 
gravel)  appeared.  The  Woolwich  Beds  would  naturally  come  on  in 
the  Mardyke  Yalley,  where  the  cutting  is  replaced  by  a  viaduct, 
and  there  is  an  alluvial  fiat  below,  on  each  side  of  the  stream ;  they 
are,  consequently,  nowhere  to  be  seen.  But  in  the  cutting  on  the 
northern  flank  of  the  valley  London  day,  below  gravel,  appears ; 
and  from  the  Mardyke  to  Romford  London  Clay  is  the  oldest  forma- 
tion anywhere  visible  beneath  the  superficial  drift. 

Between  the  Thames  and  the  Mardyke,  on  the  southern  flank  of 
the  Chalk,  there  is  Thames  Yalley  Gravel  at  various  levels,  the 
highest  point  reached  by  it  being  the  50-feet  contour-line.  Towards 
the  northern  flank  of  the  Chalk  the  old  Thames  gravel  and  loam 
forms  a  plateau,  the  surface  of  which,  from  a  point  about  a  mile 
south  of  the  Mardyke  to  another  about  a  mile  south-east  of  Up- 
minster, at  which  the  railway  begins  to  run  on  an  embankment,  is 
from  60  to  70  feet  above  Ordnance  datum.  The  London  Clay  is 
but  little  seen  anywhere  below  this  gravel  terrace  except  within 
about  half  a  mile  of  the  Mardyke,  the  cuttings  between  that  stream 

1  *  Eisez  Naturalist/  vol.  iv.  (1890)  p.  143 ;  Proo.  G«ol.  Anoa  voLxii.  (1891) 
p.  195. 
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and  UpmiiiBtex:  rarely  exceeding  9  to  10  feet  in  depth ;  and  they 
show  gravel,  almost  wholly,  south  of  North  Ockendon,  and  loamy 
heds  thence  to  Crauham  Hall,  as  depicted  on  the  map  of  the  Geolo- 
gical Survey. 

lu  the  cutting  west  of  Upminster  station  and  east  of  the  Ingre- 
bourne  London  Clay  appears,  capped  here  and  there  somewhat 
irregularly  by  a  variable  amount  of  gravel  or  loam,  the  former 
predominating.  The  gravel  is  seldom  more  than  6  to  7  feet  thick 
in  this  cuttiog,  and  its  base  is  from  85  to  90  feet  above  Ordnance 
datum.  It  therefore  belongs  to  a  higher  temice  than  that  of  the 
plateau  between  Cranham  Hall  and  the  Mardyke.  And  on  crossing 
the  Ingreboume  we  find  that  the  sand  and  gravel  capping  the  sur- 
face of  the  ground  along  the  course  of  the  line  north  of  Hornchurofa, 
and  thence  to  the  junction  with  the  Great  Eastern  Railway  at  Rom- 
ford,  belongs  to  this  same  terrace,  which  is  the  highest  and  oldest  of 
the  Thames  Valley  deposits  in  this  district. 

As  might  be  expected  from  its  greater  age,  this  highest  terrnoe 
occupies  a  much  more  limited  area  thao  the  lower  terraces  of  later 
date  which  occupy  the  ground  between  Homchurch  and  Komford  on 
the  north  and  Barking  and  Bainham  on  the  south.  And  its  character 
as  an  old  river-deposit  is  not  quite  so  evideut  at  a  glance  as  is  that 
of  the  lower  gravels,  on  account  of  the  much  greater  number  of 
valleys  which  have  been  carved  in  it  as  a  consequence  of  its  superior 
antiquity.  On  the  map  of  the  Geological  Survey  this  oldest  terrace 
is  coloured  as  Thames  Yalley  Gravel,  but  no  attempt  has  been  made 
to  indicate  the  boundaries  of  the  various  terraces.  In  fact  no  such 
separation  is  practicable,  inasmuch  as  the  underlying  formation,  the 
London  Clay,  is  much  too  soft  to  show  definite  terraces  for  auy 
appreciable  distance.  The  result  of  this  state  of  things  is  that  all 
the  old  Thames  Yalley  Gravel  between  the  Lea  and  the  Hardyke 
might  be  supposed,  from  uniformity  of  tint  and  the  absence  of  any 
distinguishing  signs,  to  consist  of  one  sheet  at  a  nearly  uniform 
level,  though  the  height  of  its  surface  above  Ordnance  datum  varies 
from  less  than  20  feet  to  more  than  100  feet. 

A  railway  journey  from  Barking  to  Hornchurch  across  this  broad 
expanse  of  old  river-gravel  is  one  of  gradual  ascent.  At  Barking 
station  the  surface-level  is  rather  below  20  feet.  At  Dagenham  it 
averages  about  25  feet,  and  a  mile  beyond  Dagenham  it  is  about 
30  feet.  About  three  quarters  of  a  mile  south-west  of  Hornchurch 
the  railway  runs  through  a  cutting  in  gravel  at  a  greater  elevation, 
the  height  of  the  surface  at  Homchurch  station  being  more  than 
60  feet.  And  on  alighting  at  Hornchurch  and  turning  northwards 
jit  becomes  obvious  that,  above  the  gravel  and  loam  which  have  been 
so  largely  excavated  south  of  Hornchurch  station,  there  is  another 
terrace  to  which  the  gravel  worked  between  Hornchurch  Church 
and  the  windmill  belongs.  This  highest  gravel-pit  averages  14  or 
15  feet  in  depth,  and  the  gravel  taken  from  it  must  have  been  almost 
entirely  above  the  100-feet  contour-line,  as  the  surface  at  the  church 
is  a  little  over  117  feet  in  height..  But  the  boundar}*  of  this  highest 
terrace,  though  fairly  well  marked  for  a  few  yards  near  the  wind- 
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mill,  on  the  right  of  the  road  connecting  Hornchurch  station  with 
the  village,  soon  becomes  lost  in  a  vague  slope  both  eastward  and 
westward. 

I  have  mentioned  that  in  the  cutting  east  of  the  Ingreboome  and 
west  of  Upminster  station  there  is  much  London  Cla}',  with  a  thin 
and  variable  covering  of  gravel  and  luam.  Turning  to  the  Eomford 
end  of  the  new  line  for  a  moment,  we  find  that  but  little  excavation 
has  been  made  between  the  junction  with  the  Great  Eastern  Eailway 
and  the  stream  which  unites  with  the  Rom  to  form  the  Beam  a  little 
farther  to  the  south.  East  of  the  Beam — if  it  may  be  so  called  at  this 
part  of  its  course — and  west  of  Butts  Green,  London  Clay  appears 
below  sand  and  gravel.  On  the  eastward  side  of  the  road  at  Butts 
Green  the  easterly  continuation  of  what  may  be  termed  the  Butts 
Green  cutting  is  not  yet  sufficiently  advanced  to  show  anything  but 
sand  and  gravel.  Between  the  eastern  end  of  this  cutting  and  the 
western  end  of  the  next  there  is  a  space  of  about  250  yards  destitute 
of  sections.  Then,  still  travelling  eastward,  we  enter  a  cutting  of 
peculiar  geological  interest,  the  description  of  which  is  the  main 
object  of  this  paper. 

As  this  cutting  between  that  of  Butts  Green  and  the  lnn;rebourne 
is  by  far  the  most  geologically  important  part  of  the  Grays  and 
Komford  Railway,  it  may  be  well  to  point  out  the  best  way  of  getting 
to  it,  without  reference  to  the  rest  of  the  line.  About  250  yards 
east  of  the  church  at  Hornchurch  the  road  to  Upminster  is  crossed 
by  others  ranging  northward  and  southward.  About  400  yards 
from  this  point  of  junction  the  northerly  road  passes  over  the  new 
railway  towards  the  eastern  end  of  this  most  interesting  section. 
At  the  bridge  the  cutting  is  only  from  9  to  10  feet  deep,  and  gradually 
dwindles  away  to  nothing  eastward,  towards  the  Ingrebourne ;  but 
west  of  the  bridge  the  cutting  gradually  deepens.  About  130  yards 
from  the  bridge  the  100-feet  contour-line  crosses  the  railway,  and 
about  325  yards  to  the  north-west  of  this  point  we  again  meet  with 
the  100-fcet  contour-line,  which  crosses  the  railway  where  a  bridge 
is  to  be  thrown  over  it  to  facilitate  access  to  farm  lands.  The  ground 
between  these  contour-lines  does  not  appear  to  rise  (close  to  the 
railway)  to  a  height  of  more  than  106  or  107  feet ;  but,  as  the  level 
of  the  line  appears  to  be  about  80  feet,  this  gives  the  cutting  a 
maximum  de[)th  of  25  or  26  feet. 

Towards  the  two  ends  of  the  cutting  only  London  Clay  covered 
by  sand  and  gravel  can  be  seen ;  but  at  a  point  about  100  yards 
west  of  the  road  by  which  the  cutting  was  approached  Chalky  Boulder 
Clay  appears  above  the  London  Clay,  the  latter  sloping  down 
gradually  towards  the  north-west  from  a  height  of  7  or  8  feet 
above  the  line  to  a  depth  slightly  below  it.  The  Boulder  Clay,  on 
the  other  hand,  gradually  thickens  till  we  find  the  cutting  to  consist, 
where  it  is  deepest,  of  from  10  to  15  feet  of  Boulder  Clay  covered  by 
10  to  12  feet  of  sand  and  gravel.  The  line  of  junction  between  these 
dexK>8it8  is  in  places  nearly  horizontal,  in  others  wavy,  and,  though 
usually  clean  and  distinct,  is  occasionally  somewhat  doubtful,  owing 
to  the  presence,  towards  the  base  of  the  gravel,  of  clay  consisting 
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apparently  of  Boulder  Clay  somewhat  rearranged  and  without 
boulders,  and  having  a  thickness  of  1  or  2  feet.  At  a  point  between 
50  and  tK)  3'ard8  east  of  the  second  or  more  westerly  bridge,  the 
Boulder  Clay  abutfl  against  the  London  Clay,  which  rises  to  a  higher 
level  and  is  less  covered  by  gravel  at  this  end  of  the  cutting  than  at 
the  other.  Thus  this  mass  of  Chalky  Boulder  Clay,  which  extends 
along  the  cutting  for  a  distance  of  (JOO  yards,  owes  its  preservation 
to  its  deposition  in  a  slight  hollow  on  the  surface  of  the  London 
Clay.  And  as  the  cutting  will  very  shortly  be  entirely  obscured 
through  the  sloping  and  turfing  of  its  sides,  it  is  perhaps  worth 
noting  here  that  the  space  within  which  Boulder  Clay  can  liow  be 
seen  nearly  coincides  with  that  between  the  100-feet  contour-lines. 
It  comes  in  about  30  yards  east  of  the  contour-line  nearest  the  road, 
and  ends  between  50  and  60  yards  east  of  the  other.  The  thickness 
attained  by  the  Boulder  Clay  does  not,  probably,  anywhere  much 
exceed  the  15  feet  actually  measured,  as  London  Clay  rises,  for  a 
space  of  4  or  5  yards,  to  a  height  of  between  2  and  3  feet  above  the 
bottom  of  the  cutting,  towards  its  centre. 

This  Boulder  Clay  is  in  all  respects  like  a  typical  example  of  that 
common  in  Essex.  The  great  majority  of  the  stones  in  it  are 
chalk  or  flint,  the  latter  being  both  worn  and  unworn.  During  a 
visit  to  the  cutting  on  February  6th  last  Mr.  Herries  found  a 
quartz- pebble  and  a  small  fragment  considered  by  Mr.  Whitaker 
to  be  Lower  Greensand.  And  the  foreman  of  navvies  at  work 
there  brought  me  one  day  a  glacially-scratched  lump  of  dark 
bituminous  shale  from  it  containing  small  shells,  which  Mr.  H.  B. 
Woodward  identified  as  Kimeridge  Clay,  the  shells  being  Lucbut 
minuicula,^ 

A  glance  at  the  map  of  the  Geological  Survey  will  show  that, 
except  in  this  cutting,  Boulder  Clay  has  never  been  seen  in  conjunc- 
tion with  the  deposits  of  the  Thames  Valley,  either  north  of  Romford 
in  Essex  or  in  the  neighbourhood  of  Finchley  in  Middlesex,  the  most 
southerly  spots  at  which  it  has  been  known.  In  the  Bomford  dis- 
trict the  nearest  point  at  which  it  appears  is  about  throe  miles  north- 
east of  this  Homchurch  cutting.  It  there  rests  on  the  London  Clay, 
around  the  house  called  Maylands,  a  little  east  of  the  Ingreboume, 
and  appears  to  come  down  some  distance  below  the  200-feet  contour- 
line,  though  the  great  mass  of  the  Boulder  Clay  north  of  Bomford 
lies  above  that  level.  We  thus  find  at  Maylands  a  slight  tendency 
towards  the  still  lower  level  of  the  Boulder  Clay  in  the  Hornchurch 
cutting. 

Readers  of  the  very  interesting  chapter  in  Mr.  Whitaker's  latest 
Memoir '  on  the  Literature  of  the  Thames  Valley  Drift  must  have 

^  On  the  visit  of  the  Geologists'  Association  to  tbis  cutting  on  March  5th, 
Mr.  Bobertson,  the  engineer  of  the  line,  Tery  kindly  showed  us  a  collection  of 
the  most  interesting  specimens  obtained  from  the  Boulder  Clay.  They  included 
many  lumps  of  Kimeridge  Clay,  some  examples  of  Gryphaa  dilaUUa  from  the 
Oxford  Clay,  and  a  vertebra  which  had  been  determined  by  Prof.  Seeley  as 
pleeiosaurian. 

^  'The  Geology  of  London  and  of  part  of  the  Thames  Valley,*  vol.  i.  p.  363, 
London,  1880. 
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wondered  at  the  extraordinary  diversity  in  the  opinions  which  hare 
been  expressed  from  time  to  time  as  to  the  age  and  affinities  of  these 
deposits.  Two  influences  seem  to  have  been  chiefly  instrumental  in 
producing  this  variety  of  view.  In  some  cases  the  atratigraphical 
evidence,  considered  as  a  whole,  has  been  neglected  or  greatly  under- 
valued, while  that  derived  from  some  special  class  of  fossils  from 
one  of  the  few  fossiliferous  beds  has  been  considerably  over-estimated. 
In  others  the  presence  of  signs  of  ice-action  in  some  form,  a  thing 
common  at  various  horizons  in  these  deposits,  has  led  to  the  suppo- 
sition that  these  indications  imply  that  the  beds  showing  them  diate 
from  the  Glacial  Period.  Feeling  that  ice  has  been  a  geological 
agency  from  the  earliest  times,  and  that  it  did  not  cease  to  be  one  at 
the  dose  of  the  Glacial  Period,  I  have  lately  taken  more  than  one 
opportunity  of  protesting  against  an  assumption  which  seems  to  me 
based  on  insufficient  grounds.*  For  where  could  we  expect  to  find 
signs  of  the  action  of  river-ice  if  not  in  the  drifts  of  the  Thames 
Valley,  formed  when  the  land  was  higher  than  it  now  is  and  the 
climate  consequently  more  severe  ?  The  question,  therefore,  whether 
certain  beds  should  be  classed  as  of,  or  later  than,  the  Glacial  Period 
in  this  locality,  depends  simply  on  their  stratigraphical  position  as 
regards  the  Boulder  Clay.  In  this  case  it  seems  evident  that  there 
is  a  strong  natural  presumption  that  the  Thames  Valley  deposita  at 
higher  levels  are  older  than  those  at  lower  elevations,  the  highest 
terrace  being  the  oldest — a  presumption  which,  in  the  absence  of 
stratigraphical  evidence  to  the  contrary,  becomes  almost  a  certainty. 
Previous  to  this  discovery  of  Boulder  dny  in  connexion  with  the 
oldest  terrace  of  Thames  Valley  Gravel  I  had  always  felt  that  Mr. 
Whitaker's  conclusion  that  the  Thames  Valley  deposits  are  (locally) 
post-Glacial,  or  newer  than  the  local  Boulder  Clay,  was,  in  all  pro- 
bability, correct,  and  the  truth  of  this  view  has  now  been  demon- 
strated by  the  section  in  the  cutting  at  Hornchurch. 


Discussioir. 

The  Pbxbident  said  that  geologists  were  much  indebted  to  Mr. 
Holmes  for  drawing  attention  to  this  interesting  section  before  it 
was  too  late.  Amongst  the  many  points  arising  from  the  discovery 
of  Boulder  Clay  at  less  than  100  feet  above  Ordnance  datum  was 
one  as  to  the  probability  of  the  pre-Glacial  age  of  the  Thames  Valley 
system. 

Mr.  H.  B.  WoonwABD,  who  had  seen  the  section  at  Hornchurch 
under  the  guidance  of  Mr.  Holmes,  remarked  that  it  afforded  a 
better  exposure  of  Boulder  Clay  than  he  had  elsewhere  seen  in 
Essex  during  two  years'  work  on  the  Geological  Survey.  Attention 
had  previously  been  drawn  to  contortions  that  may  be  seen  in  ex- 
posed portions  of  the  Thames  Valley  deposits,  as  at  Grays,  and  these 
had  been  attributed  to  Glacial  action,  while  some  of  these  superficial 

1  Proc  Geol.  Absoc.  toI.  xi.  (1890)  p.  334 ; '  Essex  Natunlut,'  toI.  It.  (1890) 
p.  147. 
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beds  had  been  regarded  as  relics  of  Boulder  Clay.  The  superficial 
distarbaaoes  might  be  coDnected  with  some  form  of  ioe*action,  but 
the  evidence  now  brought  forward  showed  that  they  had  nothing 
to  do  with  the  main  Boulder  Clay  of  East  Anglia. 

Mr.  H.  W.  MoNCKTON  said  that  the  manner  in  which  this  Boulder 
Clay  rested  on  London  day  without  any  intervening  Glacial  Gravel 
did  not  strike  him  as  extraordinary ;  in  many  localities  round  Ongar 
he  had  found  it  difficult  to  determine  where  the  London  Clay  ended 
and  the  Boulder  Clay  began. 

The  Thames  Valley  at  this  part  was  bounded  on  the  north  by  the 
Warley  Hills,  and  on  the  south  by  Swanscombe,  both  more  than 
300  feet  above  O.D.,  and  as  the  Boulder  Clay  described  w^  200 
feet  below  that  level  it  seemed  probable  that  a  valley  of  some  size 
existed  when  it  was  laid  down. 

On  the  other  hand,  as  the  false-bedded  sands  and  grayels  above 
the  Boulder  Clay  seemed  to  be  part  of  a  terrace  higher  and  older 
than  the  beds  with  Corincula  flumindlis,  &c.,  there  seamed  little 
doubt  that  these  latter  are  newer  than  the  Great  Chalky  Boulder 
Clav. 

Mr.  Clement  Eeid  agreed  with  the  Author  in  his  pain  conclu- 
sions, but  ventured  to  suggest  that  mere  height  abpve  the  Eiver 
Thames  was  insufficient  to  prove  the  relative  age  of  the  deposits  in 
the  Thames  Valley,  and  that  the  highest  gravels  were  i^ot  necessarily 
the  oldest. 

Br.  Hicks  said  that  there  was  abundant  evidence  to  show  that 
the  Brent  VaUey  at  Pinchley  and  Hendon  had  bepn  scooped  out 
almost  to  its  present  level  before  the  Middle  Sands  and  Gravels,  and 
the  Upper  Boulder  Clay,  had  been  deposited  in  that  area,  and  these 
deposits  can  now  be  traced  along  the  slopes  almost  to  the  level  of 
the  present  stream.  His  examination  of  the  deposits  in  the  Thames 
Valley  had  convinced  him  that  the  conditions  there  were  almost 
identical  with  those  in  the  Brent  Valley.  There  the  deposits 
mantled  the  slopes  in  the  same  manner,  and  he  thought  it  incorrect 
to  speak  of  them  as  terrace-gravels.  He  was  of  the  opinion  that 
the  Thames  Valley  had  in  the  main  been  scooped  out  in  early 
Glacial  times,  and  that  the  deposits  on  the  higher  levels  and  on  the 
slopes  had  been  accumulated  during  and  at  the  close  of  the  Glacial 
period.  There  was,  he  thought,  some  evidence  to  show  that  there 
bad  been  a  spread  of  Boulder  Clay  over  the  district  anterior  to  the 
so-called  Middle  Sands  and  Gravels,  and  it  was  not  impossible  that 
the  Boulder  Clay  referred  to  by  Mr.  Holmes  might  be  a  portion  of 
that  deposit. 

Messrs.  Lbwts  Abbott  and  Whitakeb  also  spoke. 

The  Author,  in  reply,  said  that  though  the  Boulder  Clay  at  Horn- 
church  was  at  a  lower  level  than  that  north  of  Romford,  yet  there 
must  have  been,  here  and  there,  much  low  ground  at  the  time  of  its 
deposition,  as  it  was  found  at  various  levels  in  many  different  places. 
And  it  was  evident  that  the  Boulder  Clay  at  Hornchurch  was  older 
than  the  gravel  of  the  highest  and  oldest  terrace  of  the  Thames 
Valley  deposits.    He  admitted  that  it  did  not  necessarily  happen 
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that  the  highest  terrace  was  the  oldest,  hnt  the  presumption  that  it 
was  so  became,  in  the  absence  of  Btratigraphical  evideDoe  to  the 
contrary,  almost  a  certainty.  The  terraces  themsdTes  were  but 
faintly  marked,  and  their  limits  were  seldom  even  moderately  clear 
for  more  than  a  few  yards,  but  this  resnlted  simply  £rom  the  softness 
of  the  underlying  London  Clay,  and  not  from  any  other  peculiarity. 
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22.  On  the  Occttrbencb  of  the  so-called  Viverra  Ha8ting6I^  of 
HoRDWELL  in  the  French  Phosphorites.  By  R.  Lydekeer, 
Esq.,  B.A.,  P.G.S.     (Read  March  23rd,  1892.) 

Some  few  years  ago  ^  the  late  Mr.  William  Davies  descrihed  and 
figured  the  imperfect  skull  of  a  small  Carnivore  from  the  Upper 
Eocene  (Lower  Oligocene)  of  Hordwell,  under  the  title  of  Viverra 
Hcistingsice.  With  his  accustomed  care,  Mr.  Davies  pointed  out 
that  the  species  so  named  agreed  very  closely  with  a  so-called 
Viverra  from  the  Lower  Miocene  of  St.  Gerand-le-Puy,  in  the 
AUier,  known  as  V,  antiqtm,  and  also  with  one  from  the  Quercy 
Phosphorites  described  by  M.  Eilhol  ^  as  Viverra  angustidens.  In- 
deed, Mr.  Davies  gives  no  characters  whereby  V.  ffasttngsias  can  be 
distinguished  from  V,  angustidens,  at  that  time  known  only  by 
several  mandibular  rami. 

The  chief  point  of  resemblance  to  V.  angustidens  was  shown  by 
the  great  height  of  the  blade  of  the  lower  carnassial  tooth  in .  F. 
Hastingsias,  It  was  also  pointed  out  that  the  first  upper  premolar 
of  the  latter  was  of  unusually  small  size  iu  regard  to  the  other 
teeth ;  and  since  the  same  feature  occurs  in  the  lower  jaw  of  F.  «n- 
gustidens  (the  first  lower  premolar  of  F.  Hastingsice  is  wanting),  we 
have  another  point  of  resemblance  between  the  English  and  Prench 
Civets. 

It  may  dear  the  ground  here  to  say  that  the  skull  figured  by 
M.  Eilhol  *  as  Viverra  antiqua  has  been  referred  by  Dr.  Schlosser  *  to 
Herpestes  lemanensis^  which  has  lower  teeth  of  quite  a  different  typo. 

So  far  as  I  am  aware 
no  description  of  the 
cranium  of  F.  angusti^ 
dens  from  the  Phospho- 
rites has  hitherto  been 
given.  Recently,  how- 
ever, the  British  Mu- 
seum has  acquired  the 
hinder  part  of  the  cra- 
nium of  a  Civet  from 
those  deposits,  of  which 
the  palatal  aspect  is 
represented  in  the 
accompanying  figure. 
With  the  exception  of 
the  last  molar,  the 
hinder  cheek-teeth  are 
in  a  fine  state  of  pre- 
servation ;  and  on  com- 


pnv  ' 


Imperfect  palate  of  Viverra  angustidens, 
uat.   size,  from   the  Quercy   Phos- 
phorites. 
pjti?~^  =  premolars,    wi^,  wi' = molars. 


>  GeoL  Mag.  for  1884,  p.  437. 

>  Ann.  Sci.  G6ol.  vol.  vii.  (1876)  art.  7,  p.  144, 
»  Ibid,  vol.  X.  (1879)  art.  3,  p.  152,  pi.  xix. 

*  Beitr.  zur  Pal.  Oesterr.-Ung.  vol.  viu.  (1890)  pp.  17, 18. 
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paring  these  teeth  and  the  palat<e  with  the  type  cranium  of  F. 
Jfasiingsioff  I  find  so  exact  a  corrcBpondence  between  the  two  that 
there  can  be  no  doubt  as  to  their  specific  identity.  Aoooidingly,  we 
have  proof  that  Viverra  Bastingsice  occurs  in  the  Oligooene  deposits 
of  both  sides  of  the  English  Channel. 

But  having  in  the  Quercy  Phosphorites  Viverra  HatUngtioB  repre- 
sented by  the  cranium,  and  V.  anguttidenM  by  the  mandible,  the 
question  naturally  ari8es  whether  these  two  so-called  species  are  not 
really  one  and  the  same. 

On  comparing  Mr.  Davies's  figure  of  the  mandible  ^  of  the  former 
with  M.  Filhol's '  of  that  of  the  latter,  it  will  be  observed  that  the 
Prench  specimen  is  considerably  the  larger  of  the  two.  A  reference 
to  M .  Filbors  text  shows,  however,  that  there  is  great  individual 
or  sexual  variation  in  the  mandible  of  V,  angusticUns^  the  two 
smallest  out  of  four  examples  having  a  vertical  depth  of  12 
millimetres,  while  the  figured  example  has  a  depth  of  16*5  mm. 
Similarly  l^e  length  of  the  lower  camassial  varies  from  8  to 
9  mm.  in  different  specimens,  although  the  height  is  constantly 
5  mm.  The  smaller  specimens  from  the  Phosphorites  would 
thus  apparently  agree  in  size  with  the  Hordwell  mandible.  A 
seeming  difference  in  the  latter,  presented  by  the  separation  of  the 
penultimate  premolar  from  the  camassial,  is  due  solely  to  fracture 
of  the  ramus. 

Having  proved  that  F.  Hcutingsias  is  common  to  the  Oligooene  of 
France  and  Hordwell,  and  finding  no  characters  by  which  the  lower 
jaw  of  the  type  of  the  latter  can  be  satisfactorily  distinguished  from 
the  type  of  F.  anguetideiM^  1  consider,  if  M.  Filhol  is  right  in  in* 
chiding  all  the  French  lower  jaws  which  he  describes  under  one 
species,  that  we  must  regard  F.  Hcutingnas  as  specifically  insepa- 
rable from  F.  angustidenSj  and  I  accordingly  figure  the  French 
cranium  under  the  latter  and  earlier  name. 

The  Mammals  now  known  to  be  common  to  the  Headon  Beds  of 
Hordwell  and  the  Isle  of  Wight  and  to  the  French  Phosphorites  are 
Aeotherulutn  taiuminum^  Oervais,  Adapts  magna^  Filhol,  Dacry* 
therium  ovinum  (Owen),  NecrogymnuruM  minor^  Filhol,  PaUjpo- 
iherium  anneeiens  (Owen),  P.  medium^  Cuv.,  F,  minua^  Cuv.,  and 
Viverra  anyustidtns^  Filhol. 

DiSCCTSSION. 

Mr.  Smith  Woodwabd  remarked  upon  the  extensive  acquisitions 
of  mammalia  from  the  French  Phosphorites  lately  obtained  by  the 
British  Museam.  All  the  principal  torms  were  now  represented, 
and  it  thus  became  possible  to  make  direct  comparisons  with  the 
Hordwell  fossils,  as  Mr.  Lydekkcr  had  done  with  such  interesting 
results. 

^  As  pointed  ont  by  Dr.  Sohlosser,  op.  cit.  p.  8,  the  rMtoration  of  the 
ancending  ramus  by  Mr.  Davies  is  iDoorract ;  it  should  rise  muoh  more  obliqucJy 
to  the  horizontal  ramus, 

'  Ann.  Sd.  0^1.  toL  yii.  (1876)  pi.  zzvi.  figa.  121, 122. 
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23.  Note  on  Two  Binosavriav  Foot-Bokbs  from  ihe  Wsaldbv.     By 
R.  Ltdkkbb,  Esq.,  B.A.,  F.G.S.     (Read  March  23rd,  1892.) 

Bones  of  the  feet  of  the  Sauro|)odon8  Dinosaurs  of  the  Wealden  are 
of  such  rare  occurrence  that  all  sfiecimens  seem  worth  record,  even 
in  cases  where  we  are  unahle  to  determine  definitely  the  species  to 
which  they  pertain.  The  Rpecimens  of  these  bones  in  the  British 
Museum  hitherto  recorded  compriMC  one  huge  daw-phalange,  to- 
gether with  another  associated  bone  of  the  foot  (No.  R.  986)  pro- 
Tisionally  referred  to  Hoplotaurrug  armntus^ ;  and  seTeral  associated 
metatarsals  and  phalangeals  (Nos.  36559,  e,  and  R.  206)  assigned  to 
MorosauruB  hrevisJ^  In  addition  to  these.  Prof.  Seeley  ^  has  described 
and  figured  the  metapodium  (?  metatarsus)  of  a  Sauropod  from  tho 
Cambridge  Greensand  under  the  name  of  Acanthopholis  platypus^ 
showing  the  whole  live  bones  in  their  natural  position.  The  genus 
Acantliopholis^  it  need  scarcely  be  observed,  belongs  to  the  Stego- 
saurian  section  of  the  Ornithopodous  Diuosaurs,  and  the  Sauropodous 
nature  of  the  so-called  A,  platypus  was  subsequently  admitted  by 
its  describer,*  who  suggested  that  it  might  prove  identical  with  his 
Macruro8auru9  semnus^  of  which  the  specific  name  ranks  later. 
Quite  recently  Br.  Baur '  has  observed  that  the  type  of  A,  platypus 
is  indistinguishable  from  the  metatarsus  of  Moroiaurus^  of  the 
American  Jurassic,  to  which  genus  it  may  perhaps  belong. 

The  two  specimens  forming  the  subject  of  this  communication  are 
represented  in  the  figure  on  the  following  page ;  they  comprise  a 
perfect  metapodial  (?  metacarpal)  bone  and  an  associated  phalangeal. 
Both  were  obtained  by  Mr.  G.  Dawson  from  the  Bone-bed  of  the 
Wadhurst  Clay,  near  Hastings ;  and  they  were  extracted  from  a  single 
lump  of  matrix  by  myself.  These  bones  exhibit  the  articular  surfaces 
and  edges  in  a  perfect  condition,  and  appear  to  haye  belonged  to  a 
fully  adult  animal.  The  metapodial  has  a  length  of  3*4  inches,  and  a 
distal  transverse  diameter  of  2  inches.  In  the  process  of  extraction 
from  the  matrix  the  shaft  was  fractured,  thus  revealing  the  absence  of 
a  medullary  cavity.  Apart  from  their  great  difierence  in  form,  the 
solid  nature  of  the  shaft  of  the  metapodial  clearly  shows  that  they  do 
not  belong  either  to  the  Megalosanrians  or  to  the  Iguanodonts. 
Moreover,  since  the  specimens  are  unlike  the  corresponding  bones 
of  Scelidosaurus  and  SteffOtaurvs,  while  they  resemble  such  as  have 
been  referred  to  the  Sauropoda,  I  have  no  hesitation  in  regarding 
them  as  belonging  to  that  group. 

Compared  with  the  figures  of  the  type  of  the  so-called  Acantho* 
pholis  platyjivSf  and  remembering  that  the  extremities  of  these  bones 
have  been  much  worn,  the  metapodial  under  consideration  accords 
so  closely  in  general  contour  with  the  third  or  median  bone  of  that 

>  Cat.  FoM.  Bept.  B.  M.  pt.  i.  p.  151,  as  OmitkopM  Hulkei;  wept.  if. 
p.  243. 

"  Jhid.  pt  i.  pp.  140,  141,  as  Cetiosaurus  hrevis ;  see  pt.  iv.  p.  237. 
•  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  viii.  (1871)  p.  805,  pi.  vii. 
^  Qnart  Journ.  Geo!.  6oc.  vol.  zxzii.  (1876)  p.  444. 
'  '  American  Nat.*  for  1891,  p.  452,  note. 


Digitized  by  VjOOQ IC 


376 


DIKOSAUBIlir  F00T-B0NE8  FROM  THE  WEALDEX. 


series  that  it  may  be  pretty  safely  regarded  as 
the  third  metapodial  of  the  opposite  side  to 
that  to  which  the  Cambridge  metapodium 
belonged.  This  is  especially  well  sliown  by 
the  contour  of  the  proximal  extremity,^  which 
is  broad  and  squared,  with  a  distinct  process 
at  the  antero-extemal  angle,  where  it  over- 
lapped the  fourth  metapodial.  The  Cambridge 
specimen  belonging  to  the  left  side,  our 
example  will  pertain  to  the  right. 

There  are,  however,  certain  differences  in 
the  contour  of  the  third  metapodial  in  the 
two  set's  of  bones,  which  suggest  that  while 
the  one  belongs  to  the  metatarsus  the  other 
should  be  regarded  as  pertaining  to  the 
metacarpus.  Ilie  small  size  of  the  Hastings 
metapodial  is  in  favour  of  its  being  a  meta* 
carpal ;  while,  since  the  third  metapodial  of 
the  Cambridge  specimen  is  a  compuratively 
large  bono,  having  a  length  of  some  six 
inches,  Dr.  Baur  is  very  probably  right  in 
referring  that  specimen  to  the  metatarsus. 

The  Hastings  metapodial  would  seem  too 
small  for  Boplosaurus  armatus  (Omiihopsis 
ifulkei),  and  it  is  therefore  probable  that  it 
may  be  referable  to  the  smaller  Dinosaur 
known  as  Morosaurvs  brevisJ*  Unfortu- 
nately, the  foot-bones  of  the  typical  American 
representatives  of  the  latter  genus  have  not 
yet  been  figured  on  a  scale  such  as  to  admit  of 
comparison  with  our  specimen.  The  present 
specimens  are  smaller  than  the  metatarsals 
and  other  bones  mentioned  above  as  being  Prorimal  (a)  and  ante- 
provisionally  referred  to  M.  hrevU,  but  might  'J?''!*)  ?"1^*»  ^^  ,***? 
well  belong  to  the  manus  of  the  same  animal. 
The  metatarsals  of  the  last'-named  series  are 
lateral,  and  therefore  differ  in  contour  from 
the  present  specimen.  The  phalangeal,  which 
was  probably  separated  from  the  metapodial 
by  an  intervening  segment,  shows  the  ex- 
treme shortness  characteristic  of  the  Sauropo- 
dous  Dinosanrs.  I  believe  these  specimens 
to  be  the  first  remains  of  the  Sauropoda  which  Mr.  Dawson 
obtained  in  all  his  large  series  from  the  Wadhurst  Clay. 

PosTscKiPT. — Since  the  above  dencripdon  was  written,  Mr.  Dawson 
has  been  good  enough  to  send  me  some  more  imperfect  metapodials 
belonging  to  the  same  foot,  but  I  have  been  unable  to  assign  them 
to  their  proper  position. 

^  In  Prof.  Seeley's  figure  the  front  border  of  the  proximal  end  is  placed 
upwards,  whereas  in  the  present  figure  it  is  downwards^ 
*  «=  Cetiosaunu  brevis,  Owen. 


third  right  metapodial 
(?  metar^rpal),  and  {e) 
anterior  aspect  of  an 
associntedphalangeal, 
of  a  Sanropodous  Di- 
nosaur (?Afof«Mnfrfl(«). 
From  the  Bone-bed  (if 
the  Wadhurst  Clay. 
i  nat  size. 
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24.  On  the  Micboscopic  Struchtbe  and  Besidites  Insolttble  in 
Hydbochlorio  Acid  in  the  Devonian  Limestones  of  Softh 
Devon.  By  Edw.  Wbthebbd,  Esq.,  F.G.S.,  F.C.8.,  F.R.M.S. 
(Read  March  23rd,  1892.) 

[Platk  IX.] 
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§  1.  Inteoduction. 

The  complicated  nature  of  Devonian  Geologj'  in  South  Devon  is 
well  known.  In  this  paper  I  shall  confine  my  remarks  to  the 
microscopic  examination  of  the  limestones,  and  shall  not  enter  on 
the  stratigraphical  and  paleBontological  problems  which  have  been 
worked  out  by  such  geologists  as  De  la  Beche,  Jukes,  Godwin- 
Austen,  Holl,  Champernowne,  Etheridge,  Ussher,  Davidson,  Whid- 
borne,  H.  B.  Woodward,  and  others. 

For  the  purpose  of  collecting  specimens  of  limestone  to  be  exa- 
mined I  spent  a  month  in  South  Devon  during  the  summer  of  1890, 
and  I  desire  to  express  my  thanks  t<o  Mr.  W.  A.  E.  Ussher,  of  H.M. 
Geological  Survey,  for  the  very  ready  assistance  and  friendly  advice 
which  he  gave  me. 

§  2.  Detailed  examination  op  the  Oboanio  Stbctctube. 

(a)  Hope^s  Nose  Limestoms, — At  Hope's  Nose,  near  Torquay,  there 
is  a  quarry  opened  in  limestone  of  varying  light  and  dark  colour, 
and  this  is  capped  by  a  shaly  limestone,  which  Mr.  Ussher  regards 
as  belonging  to  the  Calceolen  Kalk,  *'  apparently  completely  inverted 
upon  massive  bedded  limestone  containing  Heliolit^s  porostis."  ^ 

Commencing  with  the  Calceola  Beds,  as  representative  of  the 
basement  limestones,  thin  sections,  seen  through  a  microscope,  show 
a  light  grey,  finely-crystalline  groundmass  traversed  by  tissures 
filled  with  calcite.  In  the  groundmass  are  ferruginous  patches  and 
minute  rhombohedral  crystsds,  apparently  of  dolomite. 

Pa^ising  to  the  limestones  below — which,  it  must  be  remembered, 
are  assumed  to  be  above  the  Cal^ola  Beds  when  in  their  normal 
position — thin  sections  of  the  lowest  beds  exposed  show  them  to  be 
composed  of  broken  calcareous  fragments,  the  structure  of  which 
has,  for  the  most  part,  been  obliterated.  Those  which  could  be  deter- 
mined are  fragments  of  corals,  shells,  and  one  or  two  ossicles  of 

1  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  (1890)  p.  500. 

Digitized  by  VjOOQ IC 


878  H B.  E.  WBTHERSD  OS  THE  DEVONIAN 

crinoids.      Ehombohedral  crystals  of  dolomite   similar  to    those 
noticed  in  the  Calceola  Beds  are  here  also  present. 

Higher  up  in  the  quarry  weathered  surfaces  of  the  limestone 
show  that  it  is  largely  made  up  of  coral  debris,  polyzoa,  and  stro- 
matoporoids,  the  latter,  in  some  instances,  growing  round  portions 
of  coraL  Thin  sections  of  the  rock  confirm  this  interpretation  and 
show  that  the  structure  of  the  coral-fragmeuts  is  well  preserved. 

Towards  the  middle  of  the  quarry  the  coral  limestone  disappears 
and  is  followed  by  a  series  of  beds  very  dark  in  colour.  Thin  sec- 
tions show  an  almost  structureless  groundmass  traversed  in  all  direc- 
tions by  infilling  caicite,  the  whole  su^estive  of  an  original  tubular 
structure.  Bome  aggregations  of  tubules  can  be  made  out,  and  in 
these  the  tubules  measure  0*2  mm.  in  diameter  (Plate  IX.  fig.  3). 
They  resemble  the  tubules  of  GirvaneUa,  but  there  is  no  clearly 
defined  wall ;  they  are,  apparently,  forms  of  vegetation.  There  are 
also  present  ossicles  of  crinoids,  valves  of  oetracoda,  and  one  or  two 
fragments  of  shell.  All  these  have  the  appearance  of  being  enclosed 
by  the  groundmass.  As  to  the  nature  of  the  original  organic  struc- 
tures now  represented  by  this  groundmass  there  is  no  clear  evidence 
on  which  to  base  an  opinion ;  but  it  is  suggestive  of  a  vegetable 
growth  that  has  enclosed  the  calcareous  organisms  whose  remains 
appear  in  it. 

A  portion  of  this  limestone  was  dissolved  in  hydrochloric  acid, 
and  with  the  ultimate  residue  was  4*6  per  cent,  of  black  material  of 
very  slight  specific  gravity,  which  disappeared  on  ignition  in  a  plati- 
num crucible.  There  is  little  doubt  that  this  substance  was  carbon, 
a  fact  which  gives  support  to  the  view  that  the  groundmass  in  this 
limestone  is,  in  part  at  least,  of  vegetable  origin. 

(b)  Daddy  Hole  lAmestorus. — The  specimens  were  collected  in  a 
quarry  opened  out  at  the  sea-level.  Commencing  near  the  bottom 
of  the  quarry,  on  the  Torquay  side,  dark  limestone  occurs.  Thin 
sections  show  a  groundmass  and  tubular  aggregations  similar  to 
those  noticed  in  the  dark  limestone  at  Hope^s  Nose,  but  in  some 
instances  the  outlines  are  nearly  obliterated.  Several  fragments  of 
organisms  are  present,  including  ossicles  of  crinoids  and  one  or  two 
fragments  of  coral.  As  in  the  case  of  one  of  the  slides  &om  Hope's 
Nose,  the  groundmass  appears  to  have  enclosed  the  fragments  of 
organisms  which  are  noticed  in  it. 

The  next  specimens  were  collected  from  a  limestone  at  a  higher 
horizon,  containing  yellow  patches  which  might  at  first  sight  be 
taken  for  concretions.  Microscopic  examination,  however,  has  not 
confirmed  this  supposition,  but  shows  a  structure  very  like  the 
groundmass  referred  to  in  previous  slides. 

Other  sections  of  this  limestone  show  an  absence  of  the  ground- 
mass  noticed  in  slides  of  the  yellow  patches,  and  prove  that  it  is 
made  up  of  very  fragmentary  calcareous  organisms ;  among  these 
fragments,  corals  and  echinodermata,  the  latter  probably  ossicles  of 
crinoids,  the  main  outlines  of  which  have  been  obliterated,  may  bo 
traced. 

Near  the  top  of  the  quarry  is  a  bed  of  limestone  which,  judging 
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from  indications  on  weathered  surfaces,  gave  hopes  of  interesting 
slides  being  obtained  from  it.  When,  however,  these  were  made 
the  rock  was  fonnd  to  be  made  up  almost  entirely  of  the  remains  of 
crinoids,  some  of  which  are  remarkably  well  preserved. 

(c)  Lummaion  Limestones  (Upper  horizon  of  the  Middle  Devo- 
nian).— At  Lummaton,  near  St.  Mary  Church,  there  is  an  extensive 
quarry  in  white  cr}'stalline  limestone.  Prom  this  rock  thin  sections 
gave  the  following  results  when  examined  with  a  microscope : — 

No.  1.  Entirely  crystalline;  no  sign  of  organisms  can  be  detected. 
Several  rhombohednd  crystals  of  dolomite  occur. 

No.  2.  Microscopic  examination  of  this  slide  shows  that  the  lime- 
stone has  also  undergone  considerable  molecular  change.  Calca- 
reous fragments  of  undoubted  organic  origin  occur,  but  the  struc- 
ture is  mostly  obliterated  and  there  is  often  little  else  but  a  granular 
mass  left.  Among  these  organic  calcareous  fragments  are  portions 
of  coral  and  ossicles  of  crinoids. 

No.  3.  Similar  to  the  last.  Khombohedral  crystals  of  dolomite  are 
numerous,  mostly  as  single  crystals,  which  are  slightly  tinged  with 
iron. 

Specimens  were  also  collected  from  Barton  Quarry,  situated 
about  half  a  mile  from  Lummaton.  The  limestone  in  which  this 
quarry  is  opened  is  for  the  most  part  less  cr}'Stalline  than  that 
quarried  at  Lummaton,  but  it  is  otherwise  similar.  The  following 
slides  were  made  from  it  and  examined : — 

No.  1,  Very  crystalline ;  no  sign  of  organic  structure  could  be 
detected.  The  limestone  is  altered,  but  a  distinction  can  be  drawn 
between  the  original  organic  portion  and  the  infilling  calcite. 

No.  2.  This  is  mainly  a  coral  limestone  with  a  quantity  of  infilling 
calcite. 

No.  3.  This  limestone  also  shows  signs  of  molecular  change. 
There  is  a  quantity  of  infilling  calcite  and  of  dark  granular  frag- 
ments, some  of  which  can  be  recognized  as  the  remains  of  corals, 
moUusoa,  &c. ;  in  others  the  outlines  of  organic  structure  cannot  be 
detected.  There  are  also  numerous  crystals  of  dolomite  present, 
mostly  in  aggregates  (PI.  IX.  fig.  1). 

(d)  Coomb  End  Limestone. — Coomb  End,  near  Xingsteignton,  is 
situated  between  Teignmouth  and  Torquay.  The  quarry  from 
which  the  specimens  were  taken  is  opened  in  a  limestone  in  which 
no  bedding  could  be  traced. 

Three  specimens,  collected  respectively  from  the  base,  middle,  and 
top  of  the  quarry,  show  coralline  structure. 

Apparently  the  Coomb  End  Limestone  represents  an  old  coral- 
reef,  and  this  explains  the  absence  of  bedding. 

(e)  Lower  Dunscombe  Limestone, — The  specimens  were  obtained 
from  a  quarry  at  Whiteway  Farm,  near  Chudleigh.  The  limestone 
is  indistinctly  bedded,  and  in  colour  is  dark. 

Specimen  No.  1  shows  a  more  or  less  dark  granular  groundmass 
traversed,  in  part,  by  fissures.  One  or  two  obscure  fragments  of 
organisms  can  be  traced,  and  among  them  the  ossicles  of  crinoids. 

No.  2.  Full  of  organic  calcareous  fragments,  but  these  are  much 
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broken.  Among  them  are  portions  of  coral  and  joints  of 
crinoids. 

No.  3  also  shows  very  fragmentary  calcareous  objects,  with  in- 
filling calcite.     Ossicles  of  crinoids  can  be  distingoisbed. 

No.  4.  At  the  top  of  the  quarry  occur  beds  representative  of  the 
Ooniatite  Limestone  which  Mr.  Ussher '  considers  to  be  of  Upper 
Devonian  age. 

The  specimens  collected  as  typical  of  this  limestone  show  it  to 
be  quite  different  in  structure  from  the  beds  below.  There  is  a  fine 
crystalline  groundmass  in  which  are  several  fragmentary  remains 
of  organisms.  One  of  these  appears  to  be  a  foraminifer,  and  it  is 
especially  interesting  as  being  the  only  one  found  in  my  slides  of 
the  South  Devon  Limestones.  The  Goniatite  Limestone  seems  to 
have  been  formed  by  an  accumulation  of  small  shells,  foraminifera, 
&c.,  which  have  been  filled  in  with  a  fine  calcareous  mud. 

§  3.  Conclusions  dbawn  from  examination  of  the  Slides. 

The  microscopic  examination  of  the  Devonian  Limestone  is  not 
very  satisfisu^tory  so  far  as  structure  is  concerned.  There  is,  indeed, 
ample  evidence  that  these  limestones  have  been  built  up  by  the 
calcareous  remains  of  organisms,  but  the  outlines  of  structure  have, 
for  the  most  part,  been  obliterated  by  molecular  changes.  These 
South  Devon  limestones  are,  therefore,  a  proof  that  by  such  changes 
the  structure  of  the  calcareous  organisms,  of  which  they  are  mainly 
formed,  can  be  rendered  indistinguishable,  and  the  rock  become 
entirely  crystalline. 

It  is  well  known  that  in  more  recent  limestones  the  interstices  of 
the  constitnent  organisms  are  generally  occupied  by  a  quantity  of 
calcite.  This  is  also  the  case  with  such  Devonian  Limestones  as  I 
have  examined.  In  the  best  preserved  types  the  calcite  can  easily 
be  recognized  by  its  large  clear  crystals.  On  the  other  hand,  the 
altered  portion  of  the  limestone  is  represented  by  small  crystals  in 
ags^regates,  and  these  are  usually  stained  by  iron  oxides. 

So  far  as  the  evidence  warrants  a  conclusion  being  drawn,  the 
Devonian  Limestones  of  South  Devon  appear  to  have  chiefly  origi- 
nated from  corals,  crinoids,  ostracoda,  stromatoporoids,  and  fri^- 
ments  of  shell ;  while  the  Goniatite  Limestone  alone  contains  fora- 
minifera. 

The  Coomb  End  Limestone  is  almost  entirely  made  up  of  coral; 
indeed,  it  appears  to  represent  an  ancient  coral-reef. 

Some  of  the  beds  at  Hope's  Nose'  and  Daddy  Hole  are  almost 
entirely  of  coralline  origin,  but  differ  from  those  at  Coomb  End  in 
that  they  represent  accumulations  of  coral  debris. 

The  question  may  now  be  fairly  asked,  what  makes  the  De- 
vonian Limestones  of  South  Devon  so  crystalline?  Mr.  Ussher, 
quoting  the  remarks  of  Prof.  H.  S.  Williams,  of  Ithaca,  N.  Y.,  says 
tiiat  ^'  in  South  Devonshire  the  rocks  are  greatly  disturbed,  broken 
by  faults,  standing  at  various  angles,  folded  and  distorted ;  eruptive 
^  Quart  Journ.  GeoL  Soc.  voL  xlvi.  (1890)  p.  507. 
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rocks  frequently  cut  through  them,  and  beds  of  volcanic  ash  are 
interstratided  with  them."  *  There  is  evidence  which  seems  to  in- 
dicate that  the  molecular  changes  (crystallization)  which  have  taken 
place  in  these  limestones  were  influenced  by,  if  not  directly  due  ta, 
the  disturbances  mentioned  by  Mr.  Ussher. 

This  observation  leads  up  to  another  very  interesting  question, 
namely,  the  origin  of  the  rhombohedral  crystals  of  dolomite.  Though 
I  have  so  far  only  made  a  passing  mention  of  these  crystab  in  one 
or  two  slides,  yet  they  are  to  be  found  in  most  of  those  that  I  have 
examined,  more  especially  in  No.  3  from  the  Barton  Limestone  (see 
the  accompanying  figure).  Sometimes  they  appear  in  aggregates,  at 
other  times  as  single  cr}'stal8,  and  there  is  no  doubt  that  they  are 
of  secondary  origin. 

Crystals  of  Dolomite  in  Devonian  Limestone. 


J  Since  this  paper  was  written  I  have  learnt  that  attention  had  already  been 
ed  to  the  occurrence    of  dolomite  crystals  in  Devonian  Limestone  by 
Dr.  Sorby,  F.RS.,  Quart.  Joum.  Geol.  Soc.  vol.  xxxv.  (1879)  Proc.  p.  89.] 

Several  theories  have  been  advanced  to  account  for  the  formation 
of  dolomite,  and  they  may  be  all  quite  correct,  for  I  see  no  reason 
why  this  mineral  should  not  originate  as  the  result  of  more  than 
one  process  ;  as,  for  instance,  the  percolation  of  sea-water  through 
limestone.  The  Devonian  Limestones,  however,  are  only  par- 
tially dolomitized,  and  I  think  it  possible  that  the  magnesia  may 
have  come  from  the  decomposition  of  magnesian  silicates  deposited 
as  detritus  with  the  limestone.  In  support  of  this  hypothesis  it 
may  be  mentioned  that  dolomite  is  sometimes  present  as  one  of 

1  Quart.  Joum.  Geol.  Soc.  toL  xlri.  (1890)  p.  487. 
aJ.G.S.  No.  19L  2e 
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the  constituents  replacing  a  magnesian  silicate.  Thus,  Prof. 
Bonney  and  Mr.  F,  T.  S.  Houghton  state,  in  their  paper  'On 
some  Mica-Traps  from  the  Kendal  and  Sedbeigh  Districts,'^  that 
they  consider  '*  much  of  the  mineral  in  these  mica-traps  to  be 
dolomite." 

But  is  there  evidence  of  magnesian  silicates  having  been  depo- 
sited with  the  limestone  ?  When  I  come  to  describe  the  residues 
left  after  boiling  the  limestone  in  hydrochloric  acid,  I  shall  show 
that  detrital  minerals  deposited  with  the  limestone  have  under- 
gone decomposition ;  that  being  so,  the  bases  would  be  liberated 
in  a  soluble  condition.  The  question  then  arises  whether  we  have 
evidence  that  magnesian  silicates  are  or  have  been  present  in 
the  residues.  Of  the  decomposition  of  silicates  of  some  sort 
there  is  proof,  but  not  that  any  magnesian  silicate  other  than  biotite 
has  been  represented.  That  micas  of  this  group  do  not  easily 
undergo  decomposition  is  well  known,  but  it  must  be  remembered 
that  some  of  the  limestones  of  South  Devon  have  been  subjected 
to  influences  which  have  greatly  altered  their  normal  condition ;  I 
mean,  of  course,  that  they  have  been  rendered  cr}'stalline.  It  is 
in  this  crystalline  limestone  that  the  dolomite  crystals  are  most 
numerous,  and  the  detrital  residue  most  decomposed.  I  must 
moreover  point  out  that,  in  searching  for  instances  of  decomposed 
micas  in  the  residues,  the  process  of  boiling  in  acid  would  tend  to 
remove  the  decomposed  portions,  leaving  only  the  silica.  The  same 
observation  would  apply  to  other  silicates. 

It  is  worthy  of  remark  that  the  rhombohedral  crj'stals  of  dolomite 
are  mostly  associated  with  calcareous  organic  fragments.  This  may, 
perhaps,  be  explained  by  the  greater  solubility  of  the  aragonite  as 
compared  with  the  other  form  of  carbonate  of  lime  of  which  shells 
are  mostly  constructed. 

§  4.  Hesidttbs  insoluble  in  Hydrochloric  Acm. 

The  residues  were  obtained  by  boiling  portions  of  limestone  in 
strong  hydrochloric  acid.  The  residues  from  this  treatment  were 
allowed  to  subside  in  the  boiling  flask  and  the  liquid  was  poured 
off.  Distilled  water  was  then  added  and  the  flask  shaken  so  that 
the  residue  might  be  cleared  of  calcium  chloride.  This  process 
was  repeated  four  or  five  times,  the  residue  being  allowed  to  subside 
each  time  before  the  liquid  was  decanted.  The  calcium  chloride 
having  been  removed  by  this  means,  the  finer  portion  of  the  residue 
was  poured  off"  into  a  watch-glass  and  portions  were  removed  to 
a  glass  slide.  These  were  then  dried  over  a  small  flame  and 
covered  with  Canada  balsam  and  a  cover-glass.  The  heavier  portion 
of  the  residue  was  mounted  in  the  same  way. 

The  following  table  shows  the  percentages  of  residue  obtained 
from  various  typical  examples  of  Devonian  Limestone  from  South 
Devon  : — 


^  Quart.  Journ.  Geol.  Soc.  toI.  xxxv.  (1879)  p.  167. 
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Peroentage. 

(a)  Hopes  Nou Limestonea. 

Galceola  Limestone  1 13*5 

2 18-6 

Below  the  Cioral  Limestone  1*1 

Coral  Limestone 2*0 

AboTO  the  latter 3*5 

(b)  Baddy  Hole  Limestones, 

Base*  of  Quarrj  0*6 

Other  residues  in  ascending  order :  No.  1  0*() 

No.  2  1-6 

No.  3  2-0 

No.  4 3-4 

No.  6  3-5 

Top  of  Quarrj,  No.  6 33 

(c)  Lumtnaton  Limestones '.  l^o,!    0*6 

No.  2   0-2 

(d)  Barto^n  Limesiones :  No.  1 2*0 

No.  2 2-9 

No.  3 0-2 

(e)  Dtinaatmbe  Limestones. 

Main  maas,  below  the  Gt)niatite  Beds 1*8 

Goniatite  Limestone  10'2 

The  most  noticeable  feature  in  the  above  table  is  the  small  per- 
centage of  residue  in  the  Lummaton  Limestones,  and  the  variable 
nature  of  the  Barton  rock.  But  the  detailed  examination  of  the 
residues,  which  now  follows,  shows  that  the  small  amount  at 
present  existing  is  no  guide  to  what  may  have  been  originally 
deposited — because  of  the  decomposition  which  has  taken  place. 

I  have  already  referred  to  the  Goniatite  Limestone  as  exhibiting 
structural  diflFerences  compared  with  the  beds  below,  a  fact  further 
illustrated  by  the  high  proportion  of  residue  which  the  Goniatite 
Limestone  contains. 

§  5.  Detailed  kxamixation  of  the  Eesidues. 

(a)  Hope's  Nose  Limestoiie  Besidues. — Commencing  with  the 
lowest  beds  exposed  in  the  quarry,  I  find  the  residue  to  consist  of  a 
very  fine,  light  grey  material,  and  a  further  quantity  of  heavier 
material. 

The  very  fine  portion  is  made  up  of  small  flakes  of  mica,  quartz 
grains,  and  rutile ;  there  also  occur  incipient  micro-crystals  of 
quartz,  microlites,  and  a  quantity  of  very  minute  crystals  resem- 
bling, in  some  respects,  the  clay-slate  needles  of  rutile.  These 
minute  crystals  are  a  great  puzzle  ;  they  occur  in  numbers  so  vast 
as  to  become  an  important  feature  and  cannot  be  passed  over. 
Being  in  doubt  as  to  the  nature  of  these  objects,  I  propose,  for. 
the  present,  to  refer  to  them  as  microlitic  needles.  They  occur 
.sometimes  in  aggregates  and  then  appear  to  be  associated  with 
decomposing  mineral  fragments;  sometimes  they  occur  singly  in 
great  numbers. 

The  material  of  greater  specific  gravity  includes  aggregates  of 
micro-crystals  of  quartz,  cryptocrystalline  siliceous  flakes,  and 
micas.    The  siliceous  flakes^   and  apparently  some  of  the  micas, 

2e2 
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contain  numerous  liquid  inclusions,  and  in  some  instances  the 
microlitic  needles  referred  to  in  my  account  of  the  last  slide. 

Eesidues  from  the  Coral  Limestone  consist  (1)  of  a  hlack  sub- 
stance of  low  specific  gravity,  suggestive  of  carbon ;  (2)  a  very 
fine,  light  brown  material ;  (3)  mineral  grains  which  rapidly 
subsided  in  the  boiling  flask. 

A  portion  of  No.  1  was  dried  and  ignited  in  a  platinum  crucible  ; 
tbe  restdt  was  that  it  disappeared.  This  is  confirmatory  evidence 
that  the  substance  is  carbon,  and  is  further  supported  by  the 
occurrence  of  some  few  bodies,  measuring  0*1  mm.  in  diameter, 
which  I  have  no  doubt  are  the  carbonized  spores  of  plants. 

The  second  portion  of  the  residue  (2)  is  a  micaceous,  siliceou>4 
paste  in  which  are  small  crystals  of  zircon  and  great  numbers  of  the 
microlitic  needles.  In  PI.  IX.  fig.  4, 1  have  represented  the  paste 
and  microlitic  needles. 

The  heavier  residue  (3)  contains  a  few  fragments  of  tourmaline, 
quartz,  mica,  and  pyrites ;  the  quartz-fragments  vary  from  0-1  to 
0*2  mm.  in  longest  diameter,  and  are  mostly  in  the  form  of 
grains  or  crystals.  Some  of  the  micas  appear  to  be  decomposing : 
they  contain  numerous  liquid  inclusions,  and  in  some  instances 
microlitic  needles. 

The  residue  from  the  Calceola  Beds  consists  of  schistose  material, 
which  is  obtained  in  flakes  or  masses  1  centimetre  in  diameter. 
There  is  also  a  very  flne  residue  resulting  from  the  breaking 
up  of  the  schistose  flakes,  and  this  is  crowded  with  microlitic 
needles. 

(b)  Daddy  Bole  Limestone  Residues, — Specimen  No.  1  was  from 
a  bed  near  the  base  of  the  quarry,  to  which  reference  was  made  when 
describing  the  thin  sections  of  the  Daddy  Hole  Limestones.  The 
yery  fine  portion  of  the  residue  is  dark  in  colour,  and  consists  of  a 
micaceous  siliceous  paste.  The  dark  colour  is  imparted  by  the 
minute  microHtic  needles.  The  heavier  portion  includes  siliceous 
substances  and  micas,  some  of  which  are  full  of  inclusions. 

No.  2.  This  is  made  up  (1)  of  a  fine  groundmass  or  paste,  and 
(2)  of  material  of  higher  specific  gravity.  The  latter  includes  grains 
of  quartz,  mica,  and  some  other  mineral  fragments.  A  further 
residue  was  taken  from  a  bed  near  the  top  of  the  quarry.  This  i» 
made  up  of  mica,  quartz,  and  numerous  fragments  of  what  appear 
to  be  decomposed  mineral  substances ;  and  some  of  these  are  appa- 
rently micas. 

(c)  Lummaton  Limestone  Residues, — No.  1  is  a  micaceous  sili- 
ceous paste  crowded  with  microlitic  needles ;  there  are  also  in  it 
very  small  crystals  of  zircon,  and  some  others  not  determined. 

The  heavier  portion  of  this  residue  is  made  up  chiefly  of  mica  and 
siliceous  subst^ances,  many  of  them  crowded  with  the  minute  micro- 
litic needles. 

No.  2.  The  heavier  portion  contains  micro-crystals  of  quartz 
similar  to  those  represented  in  PI.  IX.  figs.  1,2,  &  5,  and  these  contain 
numerous  liquid  inclusions. 

The  finer  portion  is  a  siliceous  paste. 
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No.  3.  Chiefly  made  up  of  micro-crystals  of  quartz,  containing 
liquid  inclusions,  and  of  flakes  of  mica. 

(d)  Barton  Limestmu  Residues, — ^No.  1.  The  very  fine  portion  is  a 
sUiceous  paste  similar  to  that  described  as  occurring  in  previous 
residues. 

The  heavier  portion  includes  (1)  micro-crystals  of  quartz,  most  of 
which  contain  inclusions,  and  to  such  an  extent  do  these  inclusions 
occur  that  masses  of  them  resemble  nuclei ;  (2)  flakes  and  small 
masses  of  siliceous  material  which  are  important  as  throwing  light 
on  the  origin  of  the  micro-crystals  of  quartz  referred  to  in  de- 
scribing this  and  previous  residues.  This  siliceous  material  is 
crowded  with  liquid  inclusions  (PL  IX.  figs.  1  &  2)  and  aroand  the 
edges  passes  into  the  crystalline  condition,  portions  of  which  become 
detached  and  then  appear  as  aggregates  of,  or  single  micro- 
Giystals  of  quartz,  the  origin  of  which  is  thereby  explained. 

No.  2.  In  this  we  get  a  quantity  of  siliceous  and  micaceous 
material,  some  fragments  of  which  are  remarkable  for  the  great 
number  of  microlitic  needles  which  occur  in  them.  Micro-crystals 
of  quartz  are  also  present,  and  cont-ain  the  usual  inclusions. 

No.  3.  The  residue  is  entirely  made  up  of  micro-crystals  of 
quartz  containing  inclusions.  As  these  are  the  most  perfect  that  I 
have  obtained,  I  have  represented  them  in  PI.  IX.  fig.  5.  They  vary 
in  length  from  0*1  to  0*5  mm.,  and  their  form  is  the  tjrpical  prism 
with  pyramidal  terminations. 

(e)  Dunscomhe  Limestone  Besidues, — These  are  from  the  same 
quarry  as  the  specimens  from  which  the  thin  sections  were  taken 
(see  p.  379). 

Xo.  1.  A  siliceous  paste,  crowded  with  microlitio  needles  and 
microlites. 

No.  2.  The  portion  of  least  specific  gravity  is  a  micaceous 
'  siliceous  paste,  crowded  with  microlitic  needles  and  microlites. 

The  heavier  portion  includes  siliceous  and  micaceous  flakes,  some 
of  which  are  crowded  with  microlitic  needles. 

No.  3.  From  the  Goniatite  Limestone.  This  is  similar  to  No.  1, 
iihe  only  difference  being  that  microlitic  needles  are  more  numerous, 
and  there  are  siliceous  flakes  so  crowded  with  these  needles  as  to  bo 
much  darkened. 

It  may  be  well  to  again  emphasize  the  fact  that  the  Goniatite 
J  limestone  contains  10*2  per  cent,  of  residue  as  compared  with  1*8 
per  cent,  in  the  limestones  below  it.  The  residual  constituents  are 
similar,  but  the  great  difference  in  the  quantity  points  to  a  dissimi- 
larity in  the  conditions  under  which  the  two  limestones  were 
deposited. 

§  6.  Conclusions  drawn  pboh  examination  of  ihb  Besidubs. 
The  variety  of  mineral  constituents  in  the  residues  is  small,  and 
has  therefore  necessitated  considerable  repetition  in  the  descrip- 
tions, but  the  conditions  of  preservation  differ.  Of  the  detrital 
elements  it  is  difficult  to  speak ;  it  is  indeed  doubtful  which  minerals 
are  of  detrital  origin.      In  residues  which  I  have  obtained  from 
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the  Oarboniferons  Limestone  of  Clifton,  near  Bristol,  well-rounded 
grains  of  detrital  quartz  were  found/  but  in  the  case  of  the 
Devonian  Limestone  residues  which  I  have  examined,  no  such, 
detrital  graios  have  been  met  with. 

As  to  the  zircons,  and  what  little  tourmaline  and  ordinary  ratdle 
there  is  in  the  residues,  these  may  be  of  direct  detrital  origin,  but 
the  sharply-defined  angles  of  the  crystals  constitute  an  argument 
against  tiiis  presumption,  and  I  am  rather  disposed  to  regard  these 
crystals  as  having  been  liberated  by  the  decomposition  of  minerals 
in  which  they  were  originally  included. 

Considerable  interest  centres  around  tlxe  very  minute  crystals 
which  I  have  referred  to  as  '  microlitic  needles.'  I  have  adopted 
this  term  for  convenience,  and  because  of  the  resemblance  of  these 
minute  objects  to  the  *■  clay-slate  needles '  of  rutile.  They  are  not, 
however,  always  straight  (PI.  IX.  fig.  4).  Indeed,  it  is  most  difficult 
to  determine  the  true  form  of  these  crystals.  They  occur  in  every 
one  of  the  residues  that  I  have  examined,  and,  as  I  have  before 
pointed  out,  are  so  numerous  as  to  be  an  important  feature.^ 

The  needles  appear  in  the  very  fine  residue,  which  is  usually  a 
siliceous  and  micaceous  ^  paste '  ^ ;  also  as  inclusions  in  siliceous 
and  micaceous  flakes  (PL  IX.  ^g.  4),  and  in  such  numbers  as  to 
impart  a  dark  hue  to  these  objects,  which  seem  to  be  remnants  of 
decomposed  minerals.  There  is  little  doubt  that  the  paste  is  formed 
by  the  breaking-up  of  the  siliceous  and  micaceous  flakes,  and  this 
explains  the  presence  of  the  needles. 

I  have  said  that  the  microlitic  needles  resemble  'clay-slate 
needles '  of  rutile  in  some  respects.  To  determine  accurately  the 
optical  properties  of  objects  so  minute  is  obviously  a  most  difficult 
matter.  It  is,  of  course,  possible  that  they  may  be  identical  with 
the  day-slate  ueedles  of  rutile,  and  they  certainly  correspond 
closely  with  those  figured  by  Rosenbusch.^  I  have  not,  however, . 
observed  twin  crystallization,  so  characteristic  of  that  mineral. 

The  fact  that  the  microlitic  needles  occur  so  frcc^uently  in 
siliceous  fragments  containing  liquid  inclusions  does  not  necessarily 
imply  any  connexion  between  the  liquids  and  the  needles,  yet  it  is 
impossible  to  escape  the  thought  that  possibly  there  may  be  a  con- 
nexion between  the  two. 

The  discovery  of  micro-crystals  of  quartz  in  limestone  is  not 
new.  I  have  referred  to  them  as  occurring  in .  the  Carboniferous 
Limestone  of  Clifton  '^  and  in  the  Inferior  Oolite  of  the  Cotteswold 
Hills.^  Prof.  Sollas  "^  also  notes  the  occurrence  of  micro-crystals  of 
quartz  in  Carboniferous  Limestone  from  Caldon  Low,  Derbyshire, 
and    in   a  footnote    he   states    that    ^*  similar    hut    much    larger 

^  Quart.  Journ.  Geol.  8oc.  vol.  xliy.  (1888)  pi.  viii.  fig.  1. 
^  To  make  them  out  a  good  light  is  required  ;  I  find  lamp  ilhiminatioa  the 
most  effectiye. 

'  A  term  which  I  borrow  from  Mr.  Hutcliinge,  Geol.  Mjg.  for  1890,  p.  269. 

*    Microscop.  Physiogr.*  (transl.  IddingH),  pi.  xv.  fig.  4. 

'  Quart.  Joum.  Geol.  Soc.  vol.  xliv.  (1888)  p.  191. 

0  Ilnd.  Tol.  xlvii.  (1891)  pi.  xx.  %.  6. 

•»  Ann.  Mag.  Nat  Hist.  ser.  5,  toT.  ii.  (1878)  p.  361. 
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crystals  (0*02  inch  long)  are  left  on  dissolving  Devonian  Limestone 
containing  the  so-called  Stroinatopora  concentrica  from  Kingsteign- 
ton,  near  Teignmoath.  These  are  completely  riddled  internally,  and 
much  excavated  on  their  faces  externally  by  irregular  cavities." 

I  do  not,  therefore,  notice  the  occurrence  of  these  crystals  as  new 
to  geology,  but  with  the  object  of  discussing  their  origin  and  the 
nature  of  the  inclusions  which  they  contain.  Prof.  SoUas  ascribes ' 
the  crystals  in  the  limestone  of  Caldon  Low  to  the  displacement  of 
the  silica  of  sponge-spioules  by  carbonate  of  lime,  and  the  subsequent 
crystallization  of  the  freed  silica.  Of  the  fact  that  micro-crystals  of 
quartz  do,  in  some  instances,  originate  from  sponge-spicules  I  have 
seen  evidence  in  the  Carboniferous  Limestone  of  Clifton,  but  in  the 
Devonian  Limestone  that  I  have  examined  I  have  noticed  no  such 
process,  nor  have  I  met  with  any  siliceous  organisms.  The 
micro-crystals  of  quartz  that  I  have  obtained  from  these  rocks 
appear  to  have  originated  from  the  silica  of  decomposing  silicates, 
but  I  am  not  prepared  to  say  that  there  may  not  be  exceptions. 
I  would  suggest  that  the  ^  riddled '  appearance  in  the  crystals  from 
Kingsteignton,  to  which  Prof.  Sollas  refers,  is  really  due  to  the 
liquid  inclusions  that  occur  so  numerously  in  the  crystals  to  which 
I  have  referred  in  this  paper  (PI.  IX.  fig.  5). 

As  to  the  nature  of  these  inclusions  I  am  in  doubt.  All  the 
evidence  we  have  may  be  summed  up  by  saying  that  the  inclusions 
oocur  in  the  siliceous  and  apparently  micaceous  flakes  and  masses 
which  ultimately  give  rise  to  the  micro-crystals  of  quartz,  and  that 
the  liquids  are  enclosed  by  the  latter.  As  I  have  before  stated,  I 
regard  the  siliceous  masses  and  flakes  as  the  residuum  of  decomposed 
siliceous  minerals ;  and  if  this  be  so,  it  is  possible  that  the  liquids 
may  be  products  of  this  decomposition.  It  is  also  of  interest  to 
note  that  the  crystals  of  quartz  are  most  numerous  in  the  Lum- 
maton  and  Barton  Limestones,  t.  e.  in  those  which  are  most  altered 
by  crystallization. 

EXPLANATION  OF  PLATE  IX. 

Fig.  1.  Insolable  Residue.  Illustrates  the  formation  of  micro-crystals  of 
quarts.  A  silioeous  mass  is  represented,  containing  liquid  inclusions 
and  becoming  crystalline,  the  ciystals  retaining  some  of  the  liquid 
inclusions.  The  siliceous  mass  is,  apparently,  the  remnant  of  a  de- 
composed silicate.     X  65  diam. 

I^g.  2.  A  portion  of  Fig.  1  X  230  diam.     Shows  the  liquid  inclusions. 

Fig.  3.  Limestone  from  Hope's  Nose,  showing  a  tubular  organic  structure 
suffgeetiye  of  Algsp.     X  65  diam. 

Fig.  4.  Insoluble  Residue.    A  siliceous  paste  crowded  with  miorolitic  needles. 
From  Hope's  Nose  Limestone,  near  Torquay.     X  220  diam. 

Fig.  5.  Micro-crystals  of  quartz  containing  liquid  inclusions,  originating  from 
the  crystallisation  of  siliceous  material ;  as  illustrated  by  Figs.  1  A  2. 
X  65  diam. 

Discussioir. 

Dr.  SoRBT  said  that  he  was  probably  the  first  to  study  the  micro- 
scopical structure  of  the  Devonian  Limestones  of  Devonshire,  but 

'   Op,  et  loe,  cit 
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did  BO  chiefly  od  account  of  the  valuable  evideuce  they  afford  in 
conne:cion  with  the  cause  of  slaty  cleavage.  Probably  on  the  whole 
no  group  of  limestones  presents  a  greater  range  of  characters.  Not 
only  must  their  original  nature  have  varied  much,  but  the  amount 
of  the  changes  due  to  chemical  reactions  and  mechanical  squeeadng 
has  been  very  variable  and  great.  He  congratulated  the  Author  on 
having  done  so  much  to  elucidate  the  structure  of  such  interesting 
rocks. 

Prof.  Bonnet  expressed  his  sense  of  the  great  interest  of  the 
Author's  observations.  Through  the  generosity  of  the  latter  he 
had  had  the  opportunity  of  examining  some  of  these  residues, 
and  could  fully  confirm  several  of  the  Author's  conclusions.  He 
thought  that  the  quartz  crystals,  which  had  often  a  nucleus  of 
silicate,  must  have  been  developed  rather  slowly  in  the  rock.  He  con- 
sidered that  these  investigations  were  of  great  value  as  illustrating 
the  history  of  mineral  growth  and  development. 

Dr.. Hicks  said  that  the  limestone  at  Hope's  Nose,  referred  to  by 
the  Author,  had  been  much  folded  and  broken;  and  when  examining 
the  section,  during  the  visit  of  the  Geologists'  Association  in  1884, 
he  pointed  out  the  presence  in  it  of  a  well-marked  overthrust  fault, 
simulating  an  unconformity. 

He  asked  the  Author  whether  the  tubular  structures,  found  in 
parts  of  the  limestone,  were  not  allied  to  the  so-called  Serpuia 
described  by  Mr.  Salter  from  the  limestone  in  South  Pembroke- 
shire. 

Prof.  Rfpebt  Jones  thought  that  Mr.  Wethered  would  find  an 
analogous  occurrence  of  carbon  in  limestone  in  Mr.  Fulcher's  account 
of  the  Himant  Limestone  (Geol.  Mag.  for  1892,  p.  114);  and  of  the 
quasi-tubules  in  Herr  Kothpletx's  description  of  fossil  calciferous 
Algae,  published  in  the  *  Zeitschrift  der  Deutsch.  geol.  Gesellsch.'  for 
1891,  p.  295.  He  further  suggested  that  minute  parallel  veins  of 
calcite  in  limestones  occurred  without  stratal  disturbance  having 
taken  place,  us  for  instance  in  a  Cyre^ia- limestone  of  the  Hastings 
Series. 

The  President  observed  that  the  Society  had  been  indebted  to 
the  Author  for  work  on  the  same  lines  on  former  occasions,  and 
would  doubtless  welcome  this  fresh  instalment. 

With  reference  to  the  source  of  the  carbonate  of  magnesia  which 
occurred  in  the  dolomite  crystals,  he  pointed  out  that  sufficient  of 
the  carbonate  was  present  at  the  bottom  of  modern  oceans  to  give 
rise  to  such  crystals.  There  was  a  large  percentage  of  carbonate  of 
magnesia  in  the  coral-sand  from  Bermuda.  He  referred  to  the  pos- 
sibility that  carbonaceous  material  such  as  the  Author  had  described 
was  of  animal  origin  rather  than  vegetable. 

Prof.  Hull,  Dr.  Hinbe,  and  Mr.  Etheridge  also  spoke. 

The  AuTHOB,  in  reply,  thanked  the  Fellows  who  had  discussed 
his  paper,  and  especially  Prof.  Bonney,  to  whom  he  would  always 
be  under  an  obligation  for  the  encouragement  given  to  him  in  the 
past. 

In  reply  to  Dr.  Sorby,  Mr.  Wethered  said  that  the  Devonian 


Digitized  by  VjOOQ IC 


LIMESTONES  OF  SOUTH  DEVON.  389 

dolomites  were  not  typical  dolomites — ^that  was  to  say,  there  were 
only  isolated  aggregations  and  crystals  of  that  mineral  in  the 
limestone.  As  to  the  origin  of  the  micro-crystals  of  quartz,  there 
coold  be  no  doubt  that  those  in  the  Devonian  Limestone  had 
originated  from  the  decomposition  of  silicates. 

In  reply  to  Dr.  Hicks,  the  Author  suggested  that  he  should 
examine  his  slides  in  which  the  tubular  structures  occurred,  and  he 
thought  that  the  evidence  would  be  such  that  Dr.  Hicks  would 
agree  that  the  tubules  were  organic. 

He  was  much  obliged  to  Prof.  Eupert  Jones  and  Mr.  Etheridge 
for  the  references  to  which  they  had  called  his  attention. 
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25.  On  the  so-called  '  Gneiss  '  of  Carboniferous  age  at  Gtjttannex 
{Canton  Berne,  Switzerland).  By  Prof.  T.  G.  Bonnet,  D.Sc., 
LL.D.,  F.R.S.,  V.P.G.S.     (Read  May  11th,  1892.) 

As  a  text  precedes  a  sermon,  so  two  quotations  may  fitly  begin 
this  communication.  The  first  comes  from  a  letter  written  by 
Dr.  Heim,  and  printed  in  this  Journal  ^  as  a  part  of  the  discuasioii 
on  my  paper  entitled  '  On  the  Crystalline  Schist*  and  their  relation 
to  the  Mesozoic  Rocks  in  the  Lepontine  Alps  ' : — "  In  the  Central 
massifs  occur  rocks  which  exactly  resemble  tnie  crystalline  schists 
in  mode  of  occurrence.  Petrographically,  they  are  related  to  them 
by  passage-rocks  :  at  least  the  line  of  separation  is  not  easily  dis- 
tinguished. Such  rocks  are  j^7*2/?K/es,  chloriteschistSffelsite-^chisUf 
^tea-schists^  and  especially  sencite-gneisses^  all  of  which  we  regard 
with  certainty  as  Psdseozoic.  The  proofs  are  the  following:  . . .  Traces 
of  fossils  have  been  often  found  (trunks  of  Calamites  from  Gut- 
tannen,  in  the  Haslithal,  &c.)  .  .  .  The  Per ^ccozoic  formations  mostly 
show  an  intimate  tectonic  relation  to  the  crystalline  schists,  and  have 
been  converted  petrographically  into  crystalline  schists."  The 
second  quotation  is  from  the  reply  which  1  was  permitted  to  append 
to  the  above  letter : — "  Some  of  these  [Carboniferous  rocks]  I  have 
examined,  and  think  I  know  them  well  enough  to  demur  to  Dr. 
Heim's  statements  concerning  them.  I  have  seen,  in  the  Berne 
Museum,  the  specimen  with  '  the  Calamite-like  stem.'  When  this 
rock  is  proved  to  be  a  gneiss  I  shall  be  prepared  to  consider  the 
propriety  of  extending  this  name  to  the  Ores  Feldspathiqae  of  Nor- 
mandy, or  that  of  mica-schist  to  some  rocks  of  Carboniferous  age  at 
Vemayaz,  in  Canton  Valais,  or  of  calling  the  Torridon  Sandstone  of 
Scotland  a  granite." 

Erom  these  quotations  it  is  obvious  that  to  some  extent  the  question 
on  which  we  are  at  issue  is  one  of  nomenclature.  By  gneisses  and 
schists '  I  mean  rocks  which  have  tissumed  a  crystalline  condition  in 
situ;  which,  if  originally  clastic,  have  been  so  completely  changed  by 
molecular  re-arrangement  that  their  Ibrmer  constitution  is  a  result 
of  inductive  inference,  and  is  not  immediately  revealed  by  minute 
study  of  the  structure  of  the  specimen.*''  Suppose  a  painstaking 
workman  had  so  ingeniously  fitted  together  quartz,  felspar,  and 
mica  as  to  deceive  the  eye  even  when  a  lens  was  used,  this  would 
not  justify  us  in  calling  the  mosaic  a  granite.     It  would  be  only  a 

1  Volxlvi.  (1890)p.  236. 

*  I  always  use  the  term  *  schist '  to  mean  a  foliated  rock — the  only  legiti- 
mate sense.  See  Jakes, '  Student's  Manual  of  Geology/  p.  142  (3rd  ed,  hx 
Sir  A.  Geikie). 

^  As  ve  now  know,  many  schists  and  some  gneisses  are  the  result  of  llie 
crushing,  followed  hy  mineral  cliange,  of  rocks  that  probably,  and  in  some 
cases  certainly,  are  of  igneous  origin.  Some  gneisses  and  schists  also  may  be 
idmply  peculiar  conditions  of  igneous  rockj*.  These,  however,  I  exclude  from 
the  present  discussion  because  tliey  have  no  direct  bearing  on  the  question  nt 
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clever  imitation  of  that  rock.  Thus,  if  Nature  has  done  the  same  in 
a  few  limited  instances,  or  if,  by  subsequent  crushing  of  the 
materials  or  secondary  development  of  minute  minerals,  she  has 
made  it  difficult  now  and  again  to  distinguish  between  any  such 
mosaic  and  a  truly  crj'stalline  rock,  we  are  not  thereby  justified  in 
calling  the  former  a  gneiss  or  a  schist,  unless  we  are  prepared  to 
use  a  scientific  terminolog}-  in  a  merely  popular  sense.  We  must 
also  remember  that  identities  cannot  be  legitimately  inferred  from 
the  comparison  of  damaged  specimens  from  the  two  classes  of  rocks/ 

On  the  map  of  the  S^viss  Geological  Survey  (Blatt  xiii.)  a  belt  of 
sericitic  phyllites  and  gneisses — ^presumably  of  Carboniferous  age — is 
represented  as  crossing  the  Haslithal  at  and  above  Guttannen. 
Here  it  is  rather  more  than  a  mile  wide,  and  extends  diagonally 
across  the  map  in  a  direction  roughly  from  E.N.E.  to  W.S.W.' 
Below  that  village  the  valley  of  the  Aar  is  excavated  in  gneiss. 
This  rock  at  last  (near  Imhof)  disappears  under  the  thick  zone  of 
Mesozoic  strata  which  enclose  the  Lake  of  Brienz.  A  short  distance 
above  Imhof  the  road  mounts  gradually  towards  Guttannen,  and 
the  traveller  can  examine,  here  and  there,  the  aforesaid  gneiss.  This 
has  a  general  resemblance  to  the  rock  over  which  I  passed  in  1883 
as  I  walked  up  the  Gadmenthal.  It  commonly  varies  from  a 
rather  fine-grained  to  a  moderately  coarse  gneissoid  rock,  sometimes 
banded,  but  usually  not  conspicuously  so.  It  exhibits  indications 
of  crushing,  but  is  not,  as  a  rule,  verj'  fissile. 

As  Guttannen  is  approached,  erratics  of  a  rather  dark  schistose  or 
gneissose  rock — the  Carboniferous  rock  in  question — become  fairly 
abundant,  and  at  last,  about  a  furlong  or  two  from  the  village,  are 
very  numerous  on  the  western  side  of  the  road.  They  are  darker 
in  colour  and  rather  more  micaceous  than  the  ordinary  gneiss  of 
the  district,  from  which  as  a  rule  they  are  readily  distinguished. 
The  blocks  have  obviously  descended,  at  any  rate  in  great  part, 
from  a  combe  beneath  the  crest  of  the  mountain-ridge  on  the 
western  flank  of  the  valley. 

Lying  by  the  road  on  the  opposite  side,  as  the  village  is  entered, 
are  two  very  large  erratics,"^  which,  however,  have  been  reduced  in 

^  I  mean  this :  Crushing  gives  to  a  crystalline  rock  a  clastic  structure  and 
is  favourable  to  the  development  of  secondar}'  minerals.  On  a  rock  already 
elastic  it  has  the  latter  effect,  and  sometimes  injures  the  characteristic  outline 
&e.  of  the  fragments.  Thus  the  two  rocks,  so  different  in  origin,  may  be  re- 
duced nearly  to  the  same  condition.  But  to  a  similarity  thus  produced  we 
must  not  appeal :  we  might  as  reasonably  argue  that  two  coins  were  of  the  same 
reign  when  both  were  rubbed  smooth,  or  thai  the  language  on  two  pieces  of 
manuscript  had  been  identical  when  the  characters  on  each  were  blurred 
beyond  recognition. 

*  That  is  to  say,  it  extends  for  several  miles.  On  the  northern  side  is 
*  Gneiss,'  on  the  southern  '  Bank-granit,  Gneis9-granit,  Augen-gneiss*  Into 
minor  details  it  is  needless  to  enter.  We  are  agreed,  I  believe,  that  these  are 
very  ancient  rocks. 

^  About  60  yards  from  the  door  of  the  *  Bar '  Inn.  We  got  this  information 
from  an  elderly  man,  who  lived  in  the  next  house  to  the  Inn,  and  was,  I  think, 
a  relation  of  the  landlord.  After  hearing  the  details  into  which  he  entered  we 
felt  no  hesitation  in  accepting  his  statement.  From  this  block  I  took  specimens 
which  will  be  presently  described. 
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size  by  blasting.     The  slabs  now  in  the  Berne  Museum  were  ob- 
tained from  the  first  and  bigger  block. 

We  decided  to  examine  a  continuous  section  of  the  belt  of  the 
*•  Carboniferous  gneiss/  and  selected,  after  some  reconnoitring,  the 
eastern  side  of  the  valley.*  We  did  not,  however,  entirely  neglect  the 
western  side,  for  we  studied  many  of  the  erratics  in  the  *  scatter  * 
from  it  below  Guttannen,  and  the  rock  itself  in  crags  which  rise 
from  the  bed  of  the  valley  some  distance  above  the  village. 

We  crossed  the  Aar  and  followed  its  course  till  we  reached  the 
indubitable  gneiss ;  then,  mounting  to  a  height  of  some  three  or 
four  hundred  feet  above  the  river,  we  worked  back,  scrambling  up 
and  down  the  grassy  slopes  so  as  to  touch  as  many  outcrops  of  rock 
as  was  possible  without  greatly  altering  our  leveL 

Commencing  at  a  waterfall  which  plunges  over  rock  into  a  ravine 
descending  in  a  8.W.  direction,  we  found  on  the  right  bank  of  the 
latter  the  normal  gneiss,  on  the  left  the  '  Carboniferous  gneiss.'  * 
But  on  the  former  rock  a  marked  cleavage-foliation  has  been 
impressed  so  as  to  make  it  quite  slaty ;  in  the  latter  also  there 
is  a  rough  cleavage — so  that  in  the  field  the  exact  line  of  demarcation 
cannot  easily  be  determined.  After  a  time  indubitable  '  cleaved ' 
gneiss  is  again  struck,'  on  the  right  bauk  of  a  little  stream  which 
joins  the  Aar  about  two  furlongs  below  Guttannen.  This  can  be 
followed  for  some  distance  on  the  other  side.  The  bosses  of  ice« 
worn  rock,  however,  which  project  from  the  slopes  !N^.E.  of 
Guttannen  and  some  450  feet  above  it,  consist  of  'Carboniferous 
gneiss.'  But  it  is  doubtful  whether  the  latter  extends  far ;  for  the 
rock  exposed  in  some  other  outcrops  a  little  distance  onwards  bearci 
more  resemblance  to  crushed  normal  gneiss ;  and  this  certainly  seems 
to  occur  about  due  E.  of  Guttannen.  We  traced  the  last-named 
roek  down  to  the  neighbourhood  of  a  pathway  which  leads  into  that 
village  by  a  bridge  over  the  Aar.  Here  it  consists  of  alternating 
bands  of  quartzo-felspathic  and  of  more  micaceous  rock — the  former 
rather  more  than  a  quarter  of  an  inch  in  thickness,  the  latter  about 
one  inch ;  a  common  type  in  the  gneiss  of  the  valley  below  Guttannen, 
though  here  much  contorted.  But  at  a  distance  of  a  few  yards,  dose 
by  the  path,  we  again  found  the  '  Carboniferous  gneiss,'  in  which 
are  spots  of  a  white  mineral,  rather  smaller  than  a  pea,  suggestive  of 
a  fragmental  structure.  Beyond  this  place,  though  we  passed  many 
erratics  and  crossed  a  slope  of  debris  (avalanche),  we  were  not  so 
fortunate  as  to  discover  any  more  of  the  'Carboniferous  gneiss'  in  «*w, 
so  long  as  we  were  on  open  ground.  But  on  entering  the  forest  wo 
felt  doubtful  whether  one  or  two  crags  which  we  found  near  the 
margin  might  not  be  this  rock.     Coarse  gneiss,  however,  soon  sets 

^  It  is  Deedless  to  enter  into  tlie  reasons  for  our  choice,  as  they  could  be 
understood  only  by  those  who  have  a  minute  knowledge  of  the  ground.  I 
was  accompanied  and  aided  in  the  field  work  by  Mr.  Jas.  Eocles,  F.G.S.,  to 
whom  I  tender  my  best  thanks  for  invaluable  assistance  then  and  since. 

3  It  will  be  convenient  to  use  this  term  to  indicate  the  rock  of  clastic  origin 
which  is  the  subject  of  this  paper,  though,  as  will  be  understood,  I  maintain 
that  it  is  improperly  desisnated  a  '  gneiss.' 

*  At  the  base  of  h  wood  near  the  chalets  of  Yorsnas. 
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in.  Over  this  we  worked  for  some  distance,  without  seeing  more 
of  the  '  Carboniferous  gneiss/  either  in  crags  or  tumbled  blocks,  until 
we  were  well  beyond  the  limit  laid  down  on  the  map.  Thereupon 
we  made  our  way  to  a  bridge  over  the  Aar  and  crossed  to  its  1^ 
bank.  Hereabouts  the  granitoid  and  gneiasose  rocks  in  which 
the  upper  part  of  the  Haslithal  is  exeavated  ^  are  well  exposed,  and 
on  our  way  back  to  Guttanneu  we  passed,  in  the  crags  which  here 
and  there  rise  near  the  road,  firstly  true  gneiss,  next '  Carbonifeious 
gneiss/  ^en  more  true  gneiss,  much  crushed,  and  lastly  more 
'  Carboniferous  gneiss,'  though  of  this,  in  the  field,  it  was  difficult  to 
be  sure. 

Before  describing  the  microscopic  structure  of  the  specimens 
selected  for  examination,  it  may  be  well  to  state  the  conclusion  at 
which  I  arrived  in  the  field.  It  was  as  follows  :  Here  and  there  it 
is  difficult  to  distinguish  between  the  *  Carboniferous  gneiss '  and  the 
normal  gneiss,  where  it  has  been  more  crushed  than  usual,  but  as  a 
rule  the  two  rocks  can  be  easily  separated.  The  former  does  not 
resemble  closely  any  true  gneiss  known  to  me  in  Switzerland. 
Though  composed  of  the  same  minerals  as  the  normal  gneiss  of  the 
district,  it  is  darker  in  colour  and  more  carbonaceous  in  aspect. 
Though  it  is  sometimes  banded  with  micaceous  layers  like  a  gneiss 
or  mica-schist,  these  disappear  in  other  parts  of  a  large  block,  and 
the  texture  altogether  is  more  variable  than  is  usual  in  a  normal 
gneiss.  The  structure  throughout  is  suggestive  of  a  grit  somewhat 
modified  by  pressure  and  by  slight  mineral  change,  rather  than  of  a 
rock  which  has  become  crystalline  in  situ.  The  reasons  which  led 
me  to  this  conclusion  cannot  be  fully  expressed  in  words.  They 
depend  upon  a  numl)er  of  minute  peculiarities  which  one  can  only 
learn  to  recognize  after  long  study  of  cr}'stalline  rocks  and  of  elastic 
rocks  derived  from  these,  in  difierent  aspects  and  under  various 
circumstances.'' 

At  this  stage  also  of  the  investigation  I  think  it  well  to  call 
Attention  to  two  points  in  the  account  which  has  been  published 
.in  the  '  Beitrage.'  ^  One  is  an  omission.  The  stems  in  the  block 
from  Guttannen  are  fairly  well-preserved,  inner  and  outer  casts 

'  These  rocks,  which  we  exti mined  rather  more  clo8ely  next  day  in  walking 
up  the  Uunlithal  to  the  Grimsel  Hospice,  bear  a  general  resemblanoe  to  those 
found  in  the  Beuss  Valley  from  some  disUince  below  Wasen  to  near  Gtoscheneo. 
The  foliation  is  very  probably,  as  a  rule,  the  result  of  pressure ;  but  a  rock  like  a 
fine-grainecl  granite  appeared  in  one  or  two  places  to  cut  across  the  foliated  struc- 
ture and  fto  to  be  of  later  date.  Nearer  to  the  Grimsel  the  coarse  granitoid  rock 
becomes  more  distinctly  porphyritic,  and  there  are  more  conspicuous  sones  of 
crush.  We  spent  little  time  over  the  small  infold  of  rock,  marKed  as  '  Sericitic 
gneiss,  &c.,'  which  crosses  the  Haslithal  rtither  higher  up  than  the  above-named 
bridge,  because,  as  the  published  section  indicates  and  the  tumbled  blocks  showed, 
it  is  a  tangled  mass  of  a  variety  of  rocks,  and  thus  was  not  likely  to  be  helpful 
in  regard  to  the  question  which  we  were  attempting  to  solve. 

-  An  experienced  worker  gets  to  know  one  rock  ftrom  another  as  a  huntsman 
knows  one  hound  from  another  in  a  pack,  or  a  shepherd  knows  one  sheep 
from  another  in  u  flock,  by  a  number  of  chnmcteristics  which  it  is  often  im- 
possible to  express  in  words. 

^  Vol.  xxiv.  pt.  iv.  p.  1(>1, 
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being  retained,  with  some  indications  of  the  intervening  material, 
much  as  may  be  often  seen  in  a  sandstone  from  the  Carboniferous 
system.  Bat  if  the  molecular  changes  among  the  constituents 
have  been  sufficient  to  transform  a  shaJe  or  a  grit  into  a  gneiss,  is 
it  not  strange  that  anything  more  than  a  mere  trace  of  the  plant 
should  be  preserved  ?  I  do  not  say  that  the  difficulty  is  insui)erabl6, 
but  it  exists,  and  ought,  it  appears  to  me,  to  have  been  carefolly 
discussed.  Yet  we  do  not  iind  a  woi'd  on  the  subject.  The  occur- 
rence of  a  fairly  well-preserved  fossil  in  a  rock  which  has  passed 
into  a  crystalline  condition  seems  to  be  regarded  as  a  thing  per- 
fectly normal  and  natural.^ 

Here  is  the  second  point.  We  might  have  expected  ample  evidence 
that  the  rock  of  the  Guttannen  boulder  had  been  carefully  compared 
with  numerous  specimens  of  gneisses  and  crystalline  schists  from 
other  parts  of  the  Alps,  at  least,  in  order  to  show  that  it  agreed 
completely  with  them  in  its  characteristic  structures.  We  find  only 
this  statement :  that  it  differs  from  the  ordinary  gneiss  of  the 
northern  part  of  the  Finsteraar  massif  in  its  conspicuous  '  Mdrtd- 
strtictur'  (for  the  description  of  which  reference  is  made  to  & 
foreign  writer),  in  the  deformation  of  the  felspars,  and  the  pro- 
duction of  sericite  from  them.  This  statement  ends  with  a  remark- 
able clause: — "Inwiefern  gerade  diese  Mortelstructur  auf  einen 
klastischen  Ursprang  des  G-esteines  hinweist,  kann  nicht  mit 
Bestimmtheit  entschieden  worden,  da  die  Wirkungen  der  Bynamo- 
metamorphose  auf  Grauwacken  noch  zU  wenig  bekannt  sind."  As 
I  have  been  for  some  years  familiar  with  greywackes  which  have 
been  thus  modified,  and  as  ample  material  for  study  could  be 
obtained  without  going  beyond  the  limits  of  the  Alps,  I  must  beg 
leave  to  dispute  the  accuracy  of  this  remark. 

The  Alps  provide  an  abundant  series  of  rocks  illustrative  of  the 
various  stages  of  pressure-metamorphism.  Restricting  ourselves  on 
the  present  occasion  to  a  single  group  only,  we  can  readily  obtain 
a  series  at  one  end  of  which  is  an  almost  normal  granite  or  granitoid 
gneiss,  at  the  other  a  fine-grained  quartzose  or  micaceous  schist. 
We  can  study  under  the  microscope  the  gradual  detrition  and  change 
of  the  original  constituents — the  crumpling,  tearing,  and  partial 
reconstitution  of  the  micas,  the  cracking  and  crashing  up  of  the 
quartzes,  the  progressive  pulverization  of  the  felspar  and  its  re- 
placement by  filmy  *  sericite '  and  chalcedonic  quartz.  With  such 
specimens,  of  which  I  possess  a  large  scries  (not  a  few  from  the 
Central  massif),  these  *  Carboniferous  gneisses '  can  be  compared,  on 
the  one  hand,  and  on  the  other  with  greywackes  composed  of  the 
debris  of  crystalline  rocks  which  have  been  subsequently  subjected 

^  It  may  be  said, '  But  this  is  not  regarded  as  a  gneiss  in  the  sense  in  which 
the  term  is  applied  to  the  rock  farther  down  the  yalley.'  If  it  be  not— if  the 
rook  be  only  a  slightly  modified  grit,  looking  like  a  giteiss — ^ther©  is  of  course  an 
end  of  the  matter.  Bui  if  so,  where  is  the  importance  of  the  discovery,  what 
bearing  had  it  on  the  questions  discussed  in  my  paper  '  On  the  Crystalline 
Schists,  &c./  and  why  import  confusion  of  thougnt  into  a  (perfectly  simple 
matter  by  the  employment  of  a  misleading  terminology  ? 


Digitized  by  VjOOQ IC 


396  PBOF.  T.  O.  BONITEl'  OK  THE  SO-CALLED  *  GBEISS  ' 

to  considerable  pressure  and  have  undergone  some  micro-mineni' 
logical  change.  In  both  these  groups  the  constituent  minerals,  as 
a  rule^  exhibit  a  general  similarity :  the  main  difference  oonfiiats  in 
their  coAstitution  and  ordering. 

Thus,  in  these  specimens  of  the  <  Carboniferous  gneiss '  from  Gut- 
tannen,  we  found,  as  usual,  quartz,  felspar  (generally  much 
decomposed,  but  with  both  orthoclase  and  a  plagioclase  sometimes 
recognizable),  white  mica  (sometimes  in  fair-sized  flakes,  but 
generally  in  crowded  tiny  films),  biotite  (often  in  well-deyeloped 
lakes,  but  occasionally  in  filmy  aggregates  or  replaced  by  a  greenish 
secondary  product),  a  dark  mineral  (sometimes  an  iron  oxide,  or 
even  pyrite,  sometunes  probably  a  carbonaceous  mineral),  togetiier 
with  occasional  rutile,  zircon,  epidote,  apatite  (?)  and  zoisite  (?). 
One  specimen,  at  least,  contains  the  remains  of  a  garnet  which  has 
been  partly  replaced  by  a  green  chloritic  mineral.  In  short,  we  find 
in  these  *•  Carboniferous  gneisses '  the  same  constituent  minerals  as 
in  the  normal  granitoid  and  gneissoid  rocks  of  the  Bernese  Alps. 

I  took  two  specimens  from  the  block  in  which  plant-remains  had 
been  found ;  each  having  a  banded  structure,  but  one  being  coarser 
in  texture  than  the  other.^  Erom  the  coarser  specimen  I  have  had 
two  slices  cut :  one  parallel  with,  the  other  transverse  to  the  mineral 
banding ;  from  the  other  specimen  a  single  slice.  All  these,  when 
studied  under  the  microscope,  at  the  first  glance,  much  resemble  a 
gneiss,  but  reveal,  on  a  closer  examination,  a  greater  structural 
variation  than  is  usually  found  in  a  gneiss  or  a  crystalline  schist. 
At  one  moment  a  granitoid  gneiss  seems  to  occupy  the  field  of  the 
microscope,  at  another  a  schistose  aggregate  of  mica  flakes,  inter- 
spersed with  decomposed  felspar  and  occasional  quartzes.  Although 
a  clastic  structure  is  not  as  conspicuous  as  in  an  ordinary  arkose  or 
grey wacke,  still  the  rock  appears  to  be  made  up  of  fragments  tightly 
squeezed  together ;  the  boundaries  of  these  being  indicated  by  darkish 
lines,  composed  of  minute  minerals,  such  as  mica,  opacite,  &c.  In 
one  place  a  roundish  constituent,  in  structure  resembling  a  bit  of 
granite,  is  sharply  appressed  against  a  band  composed  of  biotite  and 
decomposed  felspar ;  in  another  we  find  chiefly  quartz  and  felspar 
with  hardly  any  biotite.  The  mica  also  differs  from  that  usually 
found  in  a  crystalline  rock  which  has  been  rendered  fragmental  by 
crushing.  It  is  not,  as  in  such  a  case,  sheared,  tattered,  and  converted 
into  a  string  or  '  cirrus '  of  little  flakes,  but  is  simply  crumpled  and 
pushed  about.  The  felspars,  also,  though  sometimes  they  pass  by 
crushing  into  a  ^  stringy '  aggregate  of  minute  micaceous  minerals, 
as  is  so  common  among  crushed  crystallines,  have  often  escaped 
fairly  well  and  are  only  replaced  by  microlithic  decomposition- 
products.  Two  other  specimens,  taken  from  rock  in  situ  nearly 
opposite  Guttannen  (one  from  near  the  path  leading  up  from  the 
bridge),  exhibit  under  the  microscope  more  distinct  indications  of 
an  original  clastic  structure,  and  are,  in  my  opinion,  grits  composed 
of  rather  fine-grained  (decomposed)  detritus  from  a  biotite-gneiss, 

^  One  was  from  near  the  bottom  of  the  block,  the  otheiifrom  about  a  ysrd 
above  it. 
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on  which  a  rude  cleayage  has  been  subsequently  impressed.  Traces 
of  a  like  structure  can  also  be  distinctly  recognized  in  the  rock  with 
white  spots,  already  mentioned  as  occurring  at  the  above-named 
locality.  These  spots  are  felspar;  they  bear  no  resemblance  to 
authigenous  minerals,  though  the  outline  of  the  fragment  in  places 
is  a  little  obscured  by  the  formation  of  a  narrow  zone  of  chalcedonic 
quartz,  calcite  (?),  and  other  secondary  products.  The  specimen 
from  the  crag  which  rises  by  the  path  od  the  left  bank  of  the  Aar 
consists  of  rather  coarser  detritus  than  the  last-named  example, 
that  is,  of  the  debris  of  a  normal  granitoid  rock. 

The  crystalline  rocks  of  the  Haslithal  above  and  below  GuttanueD, 
already  briefly  mentioned,  must  now  receive  a  little  further  notice. 
'  On  the  Swiss  map,  those  north  of  the  '  Carboniferous  gneiss '  are 
coloured  as  gneiss :  those  south  of  it  (with  an  unimportant  exception) 
as  hank-granit,  gneiss-granit^  augen-gneiss.  The  former  un- 
doubtedly are  less  coarse-grained  and  granite-like  than  the  latter ; 
in  short,  the  Haslithal  section  is  gener^y  similar  to  those  obtained 
in  crossing  the  Oberland  range  at  some  few  miles  distance  to  the 
east  or  to  the  west ;  the  rocks,  as  we  proceed  inwards,  becoming 
coarser,  more  obviously  granites  rendered  gneissoid  by  pressure, 
sometimes  even  porphyritic ;  so  that  for  general  descriptive  purposes 
the  above  distinction  may  be  maintained.  My  collection  includes 
a  fair  selection  of  various  types  of  these  gneisses  or  gneissoid 
granites  from  the  more  centrsd  part  of  the  Oberland,  and  I  have 
examined  a  few  from  the  Haslithal  itself.  For  our  present  purpose 
it  is  needless  to  enter  into  minute  descriptive  details  either  of 
structure  or  constituents.  The  dominant  minerals  are  quartz,  felspar 
(orthoclase  and  plagiodase),  and  mica,  commonly  biotite.  The  rocks 
are  sometimes  much  crushed,  when  the  quartz  becomes  a  mass  of 
variable-sized  granules,  occasionally  almost  chalcedonic ;  the  felspars 
are  partially  altered  in  the  usual  ways ;  the  mica  flakes  are  more  or 
less  broken  up ;  but  in  other  cases  the  modiflcations  are  but  slight, 
the  felspars  sometimes  being  fairly  idiomorphic,  though  more  often, 
like  the  quartzes,  they  are  more  or  less  irregular  in  outline,  and 
contain  small  grains  of  the  latter  mineral.  The  broad  petrographic 
distinction,  mentioned  above,  is  commonly  maintained  in  the  slides, 
those  from  the  upper  part  of  the  valley  being  more  like  normal 
granites.  Two  specimens  from  above  Guttannen  contain,  it  may  be 
noted,  small  garnets. 

While  it  is  evident  that,  if  we  restrict  ourselves  in  a  microscopic 
examination  to  very  small  portions  of  the  '  Carboniferous  gneiss,' 
these  are  identical  both  in  structure  and  mineral  constituents  with 
the  above-mentioned  gneisses  (from  which  I  consider  them  to  have 
been  derived)  ;  yet,  if  we  examine  the  slide  as  a  whole,  instead  of 
keeping  our  eyes  fixed  on  what  is  really  a  fragment  of  the  true 
gneiss,  we  find  that  the  '  Carboniferous  gneiss '  is  more  variable  and 
heterogeneous.  It  presents  the  aspect  of  a  rock  composed  of  frag- 
ments derived  from  slightly  different  sources ;  the  other,  that  of  a 
rock  locally  crushed  to  fragments.  The  distinction  is  very  marked 
in   the   specimens  identified  as  gneiss  in  or  close  to  the  infold  of 

Q.  J.  G.  8.  No.  191.  2  p 
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Carboniferous  rock ;  for  instance,  in  that  from  Yorsaas  (p.  393). 
This  is  finer  grained  and  more  definitely  banded  with  biotite  than 
is  asual ;  still,  under  the  microscope,  the  distinction  noted  in  the 
field  becomes  yet  more  manifest,  and  the  rock  is  evidently  very 
different  from  its  neighbours  of  clastic  origin.  The  quartzes  and 
felspars  are  granular  in  outline,  but  they  show  obvious  signs  of 
having  been  structurally  affected  by  subsequent  pressure.  The 
biotite,  however,  is  still  fairly  idiomorphic,  and  is  very  different 
from  the  streaky  groups  of  flakes  in  the  *■  Carboniferous  gneiss.' 
In  the  coarser  varieties  also  of  the  true  crystalline  rocks,  the 
distinction  is  not  less  marked ;  these  exactly  resemble  the  ordinary 
types  of  the  granitoid  gneisses  and  gneissoid  granites  of  the  great 
massif  of  the  Oberland. 

To  sum  up :  my  stady  of  these  Guttannen  rocks,  both  in  the  field 
and  with  the  microscope,  leads  me  to  the  following  conclusion.  As 
is  the  case  with  other  rocks  of  Carboniferous  age  elsewhere  in  the 
Alps,  they  are  composed  exclusively,  or  almost  so,  of  the  debris  of 
the  crystalline  rocks  of  the  neighbourhooi  Hence  they  often,  like 
the  Torridon  Sandstone  of  Scotland  or  the  Gh'es  Feld^fxtthique  of 
Normandy,  are  mineralogically  identical  with  a  granite  or  a  granitoid 
gneiss,  and  occasionally  cannot  be  readily  distinguished  even  struc- 
turally. But  as  they  are  really  composed  of  fragments,  water  has 
found  a  rather  easy  passage  through  them,  and  the  pressure  to 
which  they  have  been  exposed  has  facilitated  micro-mineral  change. 
The  latter  agency,  by  squeezing  together  and  slightly  distorting  the 
original  fragments,  renders  the  clastic  structure  less  easily  recog- 
nizable. To  some  extent  a  new  structure  has  been  impressed  upon 
the  rock,  such  as  is  very  conspicuous  in  the  Ores  Feldspaihique  at 
TourlaviUe,  near  Cherbourg,  when  this  is  compared  with  the  same 
rock  from  Omonville  (about  fifteen  miles  away  to  the  west),  or  in  a 
specimen  of  Torridon  Sandstone,  which  has  been  taken  from  the 
region  of  the  thrust-faults.  But  the  secondary  change  in  the 
Guttannen  rocks  is  not  greater  than  in  either  of  these  instances  ; 
indeed,  it  is  sometimes  surpassed  in  them.  It  is  very  similar  to 
that  which  occurs  in  rocks  of  the  same  age  in  the  district  between 
the  T^te  Noire  and  Vernayaz.*  So  far  as  I  know,  then,  this  is  the 
only  peculiarity:  that,  in  most  parts  of  the  Alps,  these  curious 
imitations  of  crystalline  rocks  are  limited  in  extent,  and  the  fraud 
is  quickly  revealed  by  the  incoming  of  beds  of  conglomerate  or  of 
slate,  while  at  Guttannen  I  did  not  happen  to  discover  either  the 
one  or  the  other.  So,  if  we  are  prepared  to  call  the  Torridon 
Sandstone  a  granite,  and  the  Ores  Feldspathique  a  gneiss,  simply 
because  here  and  there  it  would  be  difficult  to  point  oat  a  distinction 
which  would  appeal  at  once  to  an  inexperienced  eye — simply  because 
they  are  rather  clever  imitations-^then  we  may  call  the  Guttannen 

1  See  Geol.  Mag.  for  1883,  p.  507 :  also  A  Favre,  'Rocherches  Gtol.  dans 
les  Parties  de  la  Sayoie  . .  .  voisines  du  Mont  Blanc/  §  522 ;  and  Sterry  Hunt» 
'  Ohem.  and  GeoL  Essays,'  p.  339  (ed.  1875),  for  a  history  of  like  conf luion  as  to 
these  imitation-scbiBts  of  Carboniferoiu  age. 
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rock  a  gneiss,  but  in  that  case  we  may  as  well  admit  frankly  that 
petrology  is  a  hopeless  muddle,  and  that  any  attempt  to  investigate 
the  history  of  the  schists  and  gneisses  is  a  wast-e  of  time ;  oc  in 
other  words — for  I  do  not  see  where  we  are  to  stop  in  applying  the 
principle — that  the  banker  or  the  archaeologist  is  at  the  mercy  of  the 
accomplished  forger. 

DisciTssioir. 

The  Pbesidbnt  observed  that  this,  an  old  controversy,  was  likely 
to  remain  one  for  some  time  to  come.  Firstly,  it  was  necessary  to 
define  a  gneiss,  and  such  definition  must  be  based  entirely  on  petro- 
graphical  characters.  In  the  case  described  by  the  Author,  we  have 
a  rock  which  is  clearly  detrital  (containing  as  it  does  recognizable 
fossils),  and  this  exhibits  a  structure  to  a  certain  extent  gneissic, 
though  he  presumed  that  the  Author  would  deny  that  it  was  a 
gneiss ;  but  supposing  that  alteration  had  gone  on  a  step  farther, 
and  nearly  all  trace  of  organic  structure  was  gone,  he  (the  speaker) 
thought  that  the  gneissic  structure  would  increase  in  intensity,  so 
that  it  could  not  be  distinguished  from  what  he  supposed  the  Author 
would  admit  to  be  a  normal  gneiss.  He  considered  that  an  argu- 
ment used  by  the  Author,  as  to  its  being  extraordinary  that  fossil 
plants  were  preserved  in  true  gneiss,  cut  both  ways.  If  a  detrital 
rock  be  chemically  and  mineralogically  allied  to  a  gneiss,  then,  on 
the  occurrence  of  further  change,  one  can  only  say  that  the  rock  is 
a  gneiss,  without  defining  what  sort  of  a  gneiss  it  is. 

Prof.  JuDD  congratulated  the  Author  of  the  paper  on  having  so 
satisfactorily  disposed  of  an  erroneous  observation.  Por  himself,  he 
had  always  doubted  cases  of  the  alleged  occurrence  of  fossils  in  holo- 
crystoUine  rocks.  If  the  rocks  are  holocrystalline,  how  could  original 
structures  like  fossils  be  preserved  ?  If,  on  the  other  hand,  the 
rock  did  preserve  the  structure  of  a  fossil,  how  could  it  be  said  to  have 
been  perfectly  recrystallized  ?  He  thought  the  doctrine  of  dynamo- 
metamorphism  (and  we  must  remember  that  the  doctrine  is  much 
older  than  the  name  it  now  bears)  had  suffered  from  trop  de  z^le  on 
the  part  of  some  of  its  supporters.  He  regarded  many  of  the  observa- 
tions of  Prof.  Bonney,  even  in  the  present  paper,  as  affording  valuable 
support  to  the  doctrine  of  dynamo-metamorphism. 

Mr.  EccLES  fully  believed  in  the  Carboniferous  age  of  these 
*  Sericite  Schists '  at  Guttannen,  and  considered  them  to  belong  to 
a  prolongation  of  one  and  the  same  infold,  which  includes  fossili- 
ferous  strata  of  the  same  age  in  the  massif  of  the  Todi  to  the 
K.E.,  as  well  as  those  of  the  Lower  Valai8  to  the  S.W.,  all  the  three 
occurrences  being  approximately  on  the  same  strike-line.  But  he 
was  not  prepared  to  admit  that  Carboniferous  strata,  altered  or  un- 
altered, entered  in  any  considerable  degree  into  the  composition  of 
the  crystalline  zone  which  extends  from  the  Todi  to  Dau])hine,  and 
of  which  these  Guttannen  schists  form  a  part.  In  support  of  this 
contention  he  pointed  out  that  all  the  known  Carboniferous  expo- 
sures in  this  zone  except  one,  which  may  not  after  all  be  an  ex- 
ception, are  synclinals  of  comparatively  limited  width  sharply  in- 
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folded  between  older  crystalline  rocks ;  and  in  the  locality  where 
the  sedimentary  beds  attain  their  greatest  development,  the  lower 
strata  contain  well-marked  conglomerates  which  include  quartz- 
pebbles  together  with  many  rolled  fragments  of  gneiss  and  crystal- 
line foliat^  schists. 

Gen.  McMahon  remarked  that  the  term  'gneiss'  ought  nowadays 
to  be  restricted  to  crystalline  rocks  of  metamorphic  origin,  and 
not  applied  to  foliated  eruptive  rocks,  on  the  one  hand,  or  to  clastic 
rocks  of  detrital  origin,  on  the  other,  however  much  the  latter  might 
simulate  metamorphic  rocks  in  appearance.  The  use  of  the  term  in 
a  purely  mineralogical  sense  led  to  many  misconceptions.  It  seemed 
unscientific  to  give  the  same  name  to  rocks  of  t'Otally  different  origin. 
A  vague  term  might  have  its  convenience  as  a  cloak  for  ignorance, 
but  now  that  the  geologist  had  the  microscope  to  aid  him  a  more 
precise  terminology  seemed  desirable. 

Mr.  RuTLBY  commented  upon  the  possible  ways  in  which  gneissic 
and  gneissoid  structures  may  be  produced. 

Prof.  Blakb  remarked  that  the  careful  description  given  by  the 
Author  put  us  in  possession  of  the  facts,  and  all  that  was  left  was 
the  logic  of  the  nomenclature.  If  the  rock  in  question  showed  the 
fragments  of  the  rocks  whence  it  had  been  derived,  so  did  every 
detrital  rock,  though  in  the  latter  they  might  be  smaller.  The  only 
difference  was  the  extent  of  the  excursion  from  the  original  crystal- 
line character.  Hence  the  only  way  to  escape  calling  this  rock  a 
gneiss  was  to  confine  that  term  to  such  as  show  no  trace  of  their 
previous  clastic  character,  in  which  case  many  of  the  pre-Cambrian 
'  gneisses '  would  be  excluded. 

Prof.  Sbelet  also  spoke. 

Prof.  Bonnet,  in  reply,  stated  that  the  specimens  with  fossils  were 
not  less  gneiss-like  than  the  others.  The  best  imitation  of  gneiss 
among  the  specimens  which  he  had  coliect'Cd  was  from  the  block 
with  plants.  He  quite  agreed  with  Prof.  Judd  as  to  the  importance 
of  dynamo-metamorphism :  it  was  a  truth,  but  not,  he  thought,  the 
whole  truth.  He  knew  the  schists  with  Trilobites  to  which  Prof. 
Blake  had  referred,  and  they  were  very  different  from  ordinary  crya- 
talline  schists.  His  whole  argument — ^and  this  applied  to  the 
President's  remarks — was  not  that  these  fragmentai  rocks  had  gone 
back  to  a  crystalline  condition,  but  only  that  they  looked  like  it,  and 
so  misled  observers.  He  maintained  that  a  terminology  could  not 
be  founded  upon  appearances,  and  that  if  the  same  name  was  to  be 
applied  to  a  crystalline  rock  and  a  rock  which  could  be  shown  only 
to  imitate  a  crj-stalline  rock — in  short,  to  be  only  a  forgery — the 
whole  science  of  petrology  would  be  thrown  into  hopeless  confusion. 
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26.  The  BisB  and  Fall  o/Lae:e  Tanoaittika.  By  ALEXAin)ER  Cabsoit, 
Esq.,  B.Sc.  (Commtmicated  by  R.  Kidstow,  Esq.,  F.R.S.E., 
F.G.S.    Read  April  27th,  1892.) 

[Abridged.] 

After  alladiiig  to  certain  obseryations  of  Cameron,  Livingstone, 
and  Stanley  on  the  changes  of  level  of  Lake  Tanganyika,  the  writer 
states  that  the  most  interesting  point  in  connexion  with  the  rise 
and  fall  of  the  lake  is  the  question  : — How  is  it  possible  for  a  great 
lake  to  rise  30  feet  above  its  normal  level  by  the  blocking  up  of 
its  outlet? 

This  is  to  a  large  extent  accounted  for  by  Cameron.  He  says : 
"  On  going  down  the  river  [Lukuga]  we  found  that  it  was  blocked 
by  vegetation  similar  to  that  on  which  we  had  crossed  the  Sindi,  and 
also  to  that  over  which  we  had  had  to  pass  to  reach  the  shore  from 
our  boats  at  the  southern  end  of  Lake  Tanganyika,  and  which  I  after- 
wards found  existed  on  Lakes  Kassali  and  Mohrya.  The  presence  of 
this  mass  of  vegetation  is  easily  accounted  for.  Every  day  that  there 
is  a  gale  of  wind,  and  the  consequent  sea  on  the  lake,  blocks'  of  this 
peculiar  growth  are  detached,  and  such  as  survive  the  passage  to  the 
outlet  getting  jammed  together  commence  to  grow,  and  form  a  sort 
of  porous  stopper  in  the  neck  of  the  outlet."  *  He  then  quotes  Sir 
Samuel  Baker's  experience  on  the  Nile  when  the  whole  channel "  was 
blocked  up  and  the  expedition  to  Gondokoro  impeded  for  a  year,  the 
countiy  above  the  stoppage  having  been  converted  into  a  series  of 
swamps  and  shallow  lakes,  while  Egypt  was  suffering  from  all  the 
evils  of  a  low  Nile." 

Only  those  who  have  seen  this  vegetation  will  be  likely  to  give 
due  weight  to  Commander  Cameron *s  argument.  The  writer  has 
seen  the  channel  of  the  Shir^  blocked  by  the  same  vegetation. 
But  in  order  fully  to  explain  the  blocking  up  of  the  Lukuga  it  is 
necessary  to  take  into  account  another  phenomenon  observable 
on  Lake  Tangan3rika.  At  the  southern  end  of  the  lake  there  is  a 
series  of  promontories  formed  of  uptilted  strata  and  between  them 
deep  bays  with  shallow  water,  while  the  valleys  between  are  only 
a  few  feet  above  the  present  level  of  the  lake.  Across  one  of  these 
valleys,  close  to  the  water,  the  lake  since  its  recent  fall  has  left  an 
embankment  about  20  feet  high,  completely  closing  up  the  valley : 
so  much  BO  that  when  the  missionaries  occupied  the  hill  overlooking 
it  and  the  people  made  gardens  in  the  valley  (which  had  not  before 
been  cultivated),  the  first  heavy  rains  made  a  lake  of  it  4  feet  deep  at 
the  lower  end  and  a  channel  had  to  be  cut  through  the  embankment 
to  carry  off  the  water.  The  sketch  on  the  following  page  shows  the 
form  of  this  embankment,  which  is  probably  300  feet  long  and  about 
20  feet  above  the  level  of  the  valley.     The  same  phenomenon  has  been 

^  '  AcrosB  Africa'  (188$  ed.},  p.  555. 
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observed  in  other  bays  on  the  lake  ;  the  embankments  are  all  largely 
composed  of  shingle  and  are  of  exceedingly  compact  formation. 

Diagram-Action  of  embankment  near  eouthem  end  of 
Lake  Tanganyika. 


Now  Cameron  describes  the  entrance  of  the  Lnknga  thus: 
'^Shortly  before  noon  I  arrived  at  its  entrance,  more  than  a  mile 
across,  bat  closed  by  a  grass-grown  sandbank,  with  the  exception  of 
a  channel  300  or  400  yards  wide.  Across  this  there  is  a  sill  where 
the  surf  breaks  heavily  at  times,  although  there  is  more  than  a 
fathom  of  water  at  ite  most  shallow  part."  ^ 

Here  we  have  a  bank  similar  U)  that  described  at  the  southern  end 
of  the  lake,  but  with  a  break  300  or  400  yards  wide  and  six  feet  deep 
in  it,  and  the  top  of  the  bank  was  probably  uncovered  in  the  dry 
season,  when  grass  would  grow  on  it,  for  each  year  towards  the  end 
of  the  rains  the  lake  rises  about  2  feet  and  again  gradually  falls. 
Behind  this  bank  we  have  precisely  the  conditions  necessary  for  that 
dense  growth  of  aquatic  vegetation  which  blocked  the  Lukuga. 
To  appreciate  how  the  river  at  first  became  blocked  we  must  re- 
member that  in  its  normal  condition  Lake  Tanganyika  has  a 
considerable  Quantity  of  water  to  discharge  after  the  rains,  but  very 
little  (perhaps  none)  towards  the  end  of  the  dry  season,  and  the 
first  two  months  of  the  half-year  rainy  season  have  no  appreciable 
efiect  in  raising  its  level.  The  effect  of  this  is  that  when  the  lake 
has  regained  its  normal  level  the  basin  of  the  Lukuga  will  for  several 
months  of  the  year  be  only  mud  pools  and  be  rapidly  covered  with 
dense  vegetation,  while  the  first  rains  will  only  have  the  effect  of 
assisting  to  silt  up  the  bed.  There  will  thus  be  a  continual  struggle 
between  the  choked  bed  and  the  waters  of  the  lake  swollen  after  Uie 
rains,  and  for  years,  perhaps  ages,  the  lake  scours  in  its  flood  the 
channel  as  often  partially  choked  by  vegetation.  It  is  therefore  easy 
to  understand  how  in  these  circumstances — with  the  bank  continually 
forming  across  the  bay,  the  dense  growth  of  aquatic  vegetation  within 
the  bank,  and  the  large  quantity  of  floating  vegetation  from  all  the 
rivers  that  enter  the  lake  and  which  ultimately  finds  its  way  to  the 
Lukuga,  where  it  is  deposited  at  the  entrance  and  is  jammed  into 
the  neck  of  the  outlet — this  neck  becomes  ultimately  plugged 
with  a  porous  stopper  as  described  by  Commander  Cameron.  It 
may  be  that  these  embankments  play  even  a  more  important  part  in 
the  blocking  up  of  the  Lukuga;  but  we  have  at  least  in  Lake 

»  Ci>.  ct«.  p.  227. 
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Tanganyika  an  example  of  a  great  lake  having  its  outlet  practically 
closed  for  many  years  by  a  natural  process  of  damming. 

The  writer  then  mentions  the  common  occurrence  of  earthquakes 
in  the  district,  and  particularly  the  slight  shocks  that  took  placfi  in 
October  1887  in  the  Island  of  Kavala  (only  a  few  miles  from  the 
mouth  of  the  Lukuga).  These  shocks  were  also  felt  at  Ujiji  on 
the  opposite  shore. 

DiscirssioN. 

The  Chatrmak  (Prof.  Judd)  referred  to  the  rapid  advance  of  our 
knowledge  of  Central  Africa  in  recent  years.  In  this  paper  we 
had  the  evidence  of  an  eye-witness  as  to  curious  processes  which 
were  going  on  in  Lake  Tanganyika.  The  causes  which  the  Author 
considered  competent  to  produce  the  described  changes  were  of 
interest  in  themselves,  whether  or  not  they  were  actually  sufficient 
to  produce  those  changes. 

Mr.  E.  T.  Newton  called  attention  to  the  remarks  on  this  subject 
made  by  Major  von  Wissmann  in  his  recently  published  work, 
«  Through  Equatorial  Africa,'  1891  (English  edition,  p.  255). 

Prof.  Hull  and  Dr.  Hicks  also  spoke. 
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27.  The  GsoLoer  of  the  Gold-beabiwo  and  Asbociatkd  Bocxb  of  the 
SouTHBBir  Transvaal.  By  Walcox  Gibbon,  Esq.,  F.G.8. 
(Eead  April  6th,  1892.    Abridged.) 

[Platbs  X.  &  XI.] 
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I.  INTRODUCTION. 
(1)  General  SJeeteh  of  the  OeoUgy  of  the  Sovihem  Tmnsvmh 

The  rocky  floor  of  the  Transraal  Ib  very  distinct  from  that  of 
Sonth  Africa  in  general.  Travelling  for  several  hundred  miles 
through  the  northern  parts  of  Cape  Colony  and  the  Orange  Pree 
State,  such  strata  as  are  seen  consist  of  horizontal  sandstones  and 
shales  of  Karoo  and  Stormberg  age.  These  are  injected  and  over- 
flowed in  numberless  directions  by  masses  and  thin  sheets  of  igneous 
matter,  while  worn-down  stumps  of  volcanic  necks  can  be  frequently 
recognized.  But  in  the  Transvaal  the  nature  of  the  strata  under- 
goes a  complete  change.  Instead  of  flat-lying  sandstones  and  shales 
of  the  wide-Bpreading  Karoo  formation,  we  find  twisted  and  highly 
inclined  quartzites  and  conglomerates  of  undetermined  geologicid 
age.  The  igneous  rocks  occur  more  in  the  form  of  bosses  than  sheets, 
and  make  rugged  hills  with  precipitous  slopes  which  are  almost  bare 
of  vegetation. 

At  first  sight  the  geological  structure  of  the  southern  part  of  the 
Transvaal  appears  quite  simple,  the  impression  being  that  the  rocks 
merely  form  an  ordinary  basin,  tio  far,  however,  from  this 
simplicity  being  real,  the  geological  stnioture  of  the  country  is  in 
fact  highly  complex,  and  is  rendered  still  more  difficult  to  unravel 
from  its  being  apparently  impossible  to  find  any  distinctive  petro- 
logical  band,  available  as  a  means  of  mapping  the  ground,  or  any 
group  of  fossiliferous  strata,  which  might  be  used  as  a  stratigraphical 
index.  The  difficulties  of  mapping  the  district  are  also  increased  by 
the  fact  that  most  of  the  country  is  covered  by  a  deep  red  surface- 
layer,  which  is  often  many  feet  thick,  and  entirely  conceals  any  out- 
crops over  large  areas.  So  far  as  is  at  present  known  the  rocks  are 
wholly  unfossiliferous ;  while  they  are  highly  faulted,  and  in  many 
cases  sheared  and  overthrust. 

The  dominant  rocks  of  the  Southern  Transvaal  are  sandstones, 
quartzites,  and  conglomerates,  with  here  and  there  a  few  bands  of 
riiales  and  slates.  A  large  portion  of  the  country  is  also  occupied 
by  a  later  intrusive  set  of  igneous  rocks  of  basic  and  sub-basic  types. 
Sometimes  however — as  near  Yredefort  and  to  the  north  of  Johan- 
nesbuii^ — the  crystalline  floor  of  South  Africa,  with  its  granites, 
gneisses,  and  schists,  comes  to  the  surface  from  below  the  stratified 
formations  already  noticed  (see  Map,  PI.  XI.).  These  crystalline 
rocks,  together  with  a  dark-coloured  limestone,  become  the  chief 
geological  features  in  the  Northern  Transvaal,  and,  unlike  the  same 
rocks  in  the  south,  rise  up  into  hills  of  moderate  height,  particularly 
round  Zoutpansberg. 

The  area  more  particularly  described  in  the  present  paper  is  that 
lying  immediately  to  the  east  and  west  of  the  town  of  Johannesburg. 
This  area  will  be  regarded  as  constituting  the  typical  district  for 
the  development  of  the  stratigraphy  of  the  Transvaal.  The  rocks 
are  well  displayed  both  in  the  numerous  mines  and  in  natural  and 
artificial  cuttings;  and  the  writer  has  had  abundant  opportunities. 
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especially  in  inspecting  many  of  the  mines,  of  studying  somewhat 
thoroughly  the  nature  and  the  local  sequence  of  the  heds  and  the 
amount  of  movement  and  alteration  they  have  undergone.  With 
respect  to  other  districta  the  information  of  the  writer  is  more 
general,  heing  founded  largely  upon  occasional  observations  and 
sometimes  upon  facts  gained  in  hasty  traverses.  The  sections  across 
these  more  distant  portions  are  therefore  to  be  viewed  as  broad 
generalisations,  to  which  future  observation  will  certainly  add  much 
in  the  way  of  detail. 

(2)  Summary  of  previous  Geological  Work  hearing  on  the  District, 

Our  knowledge  of  the  geology  of  most  of  South  AMoa,  and  more 
particularly  of  the  Southern  Transvaal,  is  still  of  an  imperfect 
character. 

The  collective  results  of  the  researches  of  the  large  number  of 
geological  workers  in  South  African  areas  outside  the  Transvaal 
proper  have,  of  course,  proved  more  or  less  helpful  towards  a  general 
understanding  of  the  relationship  of  the  beds  of  the  Transvaal  area 
to  those  of  other  districts.  In  this  respect  Prof.  Green's  recognition 
of  an  unconformity  between  the  Dwyka-Ecca  Beds  and  the  overlying 
Kimberley  Shales  appears  to  the  author  to  be  especially  important, 
and  wiU  probably  be  found  of  wide  application  in  South  Africa. 
The  fact  also  that  palsBontological  evidence  has  shown  the  Karoo 
and  Uitenhage  Beds  to  be  homotaxial  with  the  Lower  Mesozoic  and 
Cretaceous  formations  of  other  countries  is  another  factor  of  the 
highest  value  in  the  correlation  of  the  South  African  strata. 

The  following  list  of  papers  on  South  African  geology,  though  in- 
complete, may  be  of  service  to  other  workers : — 

Baiv,  a.  G.,  'On  the  Geology  of  Southern  AfHca,'  Trans.  Geol.  Soo.  London, 

2  ser.  vol.  vii.  (1852)  p.  175. 
Blanpord,  H.  F.,  '  On  the  Ago  and  Correlations  of  the  Plant-bearing  Series  oi 

India,  and  the  former  Existence  of  an  Indo-ooeanio  Continent/  Quart. 

Joum.  Geol.  Soc.  vol-  zxxi.  (1875)  p.  519. 
Blbkcowb,  Key.  G., '  On  certain  Geological  Facts  witnessed  in  Natal  and  the 

Border  Coiin tries,'  Quart.  Journ.  Geol.  Soc.  vol.  xxxri.  (1880)  p.  426. 
Chapbb,  Maurice,  F.  Fouqu^,  et  A.  Michbl  L6vy,  '  La  B^gion  Diamantifere 

de  I'Afrique  Australe/  1880. 
Dunk,  £.  J.,  *  On  the  Mode  of  Occurrence  of  Diamonds  in  South  AfricSi' 

Quart.  Joum.  Geol.  Soc.  toI.  xxz.  (1874)  p.  54. 

,  Report  on  the  Stormberg  Coalfields.    Cape  Town,  1878. 

,  Beport  on  a  supposed  extensive  Deposit  of  Coal  underlying  the  Central 

Districts  of  the  Colony.    Cape  Town,  1886. 

,  Geological  Sketch-Map  of  South  Africa.    2nd  ed.     1887. 

,  '  Furuier  Notes  on  the  Diamond  Fields,  &o.  of  South  Africa,*  Quart. 

Joum.  Geol.  Soc.  vol.  xxxiii.  (1877)  p.  879. 
,  Beport  on  the  Gold-prospecting  Expedition  of  1872,  and  on  the  Stonn- 

berg  Coalfield.     1873. 

,  Beport  on  the  Camdebeo  and  Nicuwveldt  Coal.     1879. 

,  *  Mode  of  Occurrence  of  Gold  in  the  Transvaal  Goldfidd/  GeoL  Mag.  for 

1885,  p.  171. 
Galloway,  W.,  '  Beport  on  the  Coal  deposits  of  Indwe  and  Stormberg,'  1889. 
.>^,  *  The  South-African  Coalfield,'  Proo.  South-Wales  Institute  of  Engineers, 

ToL  xvii.  (1890)  p.  67. 
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OiLnLLAif,  G., '  On  tbe  Diainond  Districts  of  the  Gape  of  Good  Hope/  Quart. 

Joum.  Geol.  Soo.  toL  xx?ii.  (1871)  p.  72. 
Qbxkx,  Prof.  A.  H.,  Report  on  tbe  Coals  of  Cape  Colony.    1883. 
,  *  A  Contribution  to  tbe  G^logj  and  Fbysical  Geograpby  of  the  Cape 

Colony/  Quart.  Joum.  Geol.  Soc.  vol.  xliv.  (1888)  p.  239. 
Gbet,  Dr.  G., '  Bemarks  on  some  Specimens  from  South  Africa,*  Quart.  Joum. 

GeoL  Soc.  vol  xxvii.  (1871)  p.  49.    With  Notes  by  T.  Bupert  Jones. 
Grisbbach,  C.  L.,   'On  the  Geology  of  Natal,'  Quart.  Joum.  Oeol.  Soo. 

Tol.  xxvii.  (1871)  p.  53. 
GcBiCH,  G.,  '  Zur  Altersbestimmung  der  unteren  Grenze  der  Karooformation,' 

N.  Jahrb.  fiir  Min.  etc.,  1890,  Band  i.  p.  283. 
Jbppb,  — , '  Notes  on  tbe  Physical  and  Geological  Features  of  the  Transvaal.* 
JoHss,  Prof.  T.  BuPBRT,  *  Notes  on  Specimens  from  Klip  Drifl  and  Pniel,  South 

Africa/  Mining  Journal,  Mar.  1871. 

,  'The  Mineral  Wealth  of  South  Africa/  Proo.  Imp.  Colonial  Inst.  1887. 

,  '  Coal  in  South  Africa/  Mining  Journal,  Jan.  1871 ;  ibid.,  Dec.  1886. 

, '  On  the  Diamond  Fields  of  South  Africa,'  Geol.  Mag.  for  1871,  p.  49. 

,  '  Notes  on  some  Fossils  from  the  Devonian  Bocks  of  the  Witzenberg  Flats, 

Om  Colony/  Quart  Joum.  Geol.  Soc.  vol.  xxviii.  (1872)  p.  28. 
— , '  Geology  and  Mineral  Products  of  South  Africa,'  Mining  Journal,  July 

1886. 
MoVLLB,  A.,    '  Sur  la  Geologic  G6n^rale  et  sur  les  Mines   de  Diamante  de 

I'Afrique  du  Sud,'  Annales  dee  Mines,  8^nxe  a&r.  vol.  vii.  (1885)  p.  193. 
North,  F.  W.,  '  Colonial  Mining  Engineer's  Beport  on  the  Coal  Fields  of  the 

Stormber^n.'    Cape  Town,  1878. 

,  *  Beport  on  the  Coalfields  of  Natal,'  1881. 

Pazm AK,  J.  N.,  *  The  Diamond  Fields  and  Mines  of  Kimberley,  South  Africa/ 

Proc.  Inst.  Civ.  Eng.  vol.  Ixxiv.  (1883)  p.  59. 
PiRiTiNO,  W.  H.,  '  The  High-level  Coalfields  of  South  Africa,'  Quart.  Joum. 

Geol.  Soc.  vol.  xl.  (1884)  p.  658. 
PiKCHiH,  B.,  '  Short  Description  of  the  Geology  of  part  of  the  Eastern  Pro- 
vince of  tbe  Colony  of  the  Cape  of  Good  Hope,'  Quart  Joum.  GeoL  Soc. 

vol.  xxxi.  (1875)  p.  106. 
BuBiDOB,  Dr.  B.  N.,  'Denudation  of  South  Africa,'  Geol.  Mae.  for  1866,  p.  88. 
,  *()n  some  points  in  the  Geology  of  South  Africa/  Quart  Joum.  Geol. 

Soc.  vol.  XV.  (1859)  p.  195. 
Sawyer,  A.  B., '  Diamond-mining  at  Kimberley/  Trans.  N.  Stafls.  Inst  Min.  & 

Mech.  Eng.  vol.  x.  (1889). 
Shaw,  Dr.  J., '  On  tbe  Geologv  of  the  Diamond  Fields  of  South  Africa,'  Quart. 

Joum.  Geol.  Soc.  vol.  xxviii.  (1872)  p.  21. 
Stbphkhb,  W.,  *  Attempt  to  Synchronize  tbe  Australian,  South-African,  and 

Indian  Coal-measures/  Proc.  Linn.  Soc.  N.  S.  W.  vol.  iv.  (1889)  p.  331. 
Stow,  G.  W.,  *  On  some  points  in  South  African  Geology,  Parts  i.,  ii.,  iii.,  with 

an  Appendix  on  the  probable  existence  of  an  Ancient  Southern  Continent,' 

Quart.  Joum.  Geol.  Soc.  vol.  xxvii.  (1871)  p.  497. 
,  *  On  the  Diamond  Gravels  of  the  Vaal  Biver,  South  Africa,'  Quart  Joum. 

Geol.  Soo.  vol.  xxviii.  (1872)  p.  3.    With  Appendix  by  T.  Bupkrt  Jones. 
,  '  On  the  Geology  of  Griqualand  West,'  Quart.  Joum.  GeoL  Soo.  vol. 

ixx.  (1874)  p.  581.    With  Notes  by  T.  Bupbrt  Jones. 

, '  Coal  and  Iron  in  South  Africa,'  Geol.  Mag.  for  1879,  p.  514. 

,  First  Beport  on  tbe  Geology  of  the  Orange  Free  StoU\  1878. 

,  Second  Beport  on  the  Geologv  of  the  Orange  Free  State,  1879. 

SuTHBRLAND,  Dr., '  Notc  ou  the  Auriferous  Bocks  of  Soutb-Eastem  Africa,'  Quart. 

Joum.  Geol.  Soo.  vol.  xxv.  (1869)  p.  169. 
— , '  Notes  on  an  Ancient  Boulder  Clay  of  Natal '  (Dwyka-Conglomerate), 

Quart.  Joum.  Geol.  Soc.  vol.  xxvi.  (1870)  p.  514. 
Tatb,  Balph,  '  On  some  Secondary  Fossils  from  South  Africa,'  Quart.  Joum. 

Geol.  Soc.  vol  xxiii.  (1867)  p.  139.    With  Notes  by  T.  Bupbrt  Jonbs. 
WiBEL,  Dr.  F.,  'The  Fibrous  Quartz  of  tbe  Cape,  a  Pseudomorph  aAer 

Krokydolite,'  Geol.  Mag.  for  1874,  p.  135. 
Wylbt,  a.,  Beport  on  the  Maitland  Mines,  &a    1855* 
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Wtlbt,  a.,  Report  on  the  Copper  DintrictB  of  Namaqualand.     1856^ 

,  Report  on  the  Neighbourhood  of  Smithfield.     1866. 

,  Report  on  the  Central  BiBtriots  of  the  Colony.    1859. 

Of  published  information  bearing  directly  npon  the  geology  of 
the  area  here  dealt  with  the  writer  has  been  able  to  discover  but 
little.  The  following  publications,  however,  should  be  noticed, 
though  the  present  paper  was  all  but  completed  before  Mr.  Penning's 
'  Contribution,'  mentioned  below,  was  read  at  one  of  the  Geological 
Society's  meetings : — 

Alpord,  C.  J.,  *  Geological  Features  of  the  Trangvaal,  South  Africa.'    London, 

1891. 
f  '  Geological  Features  of  the  De  Kiuip  Gold-fielde/  Mining  Journal,  April 

1889,  pp.  453,  475. 
,  '  Witwatersrand  Grold-fielda :  their  Geological  Features/  Mining  Journal, 

October  5th,  1889. 
,  *  Geology  of  the  Witwatersrand  District/  Witwatersrand  Min.  k  Metal- 

lurg.  Review,  1890,  p.  1. 
Baines,  Thomas,  *  The  Gold  Begions  of  South-eastern  Africa.'    London,  1877. 
Dahms,  p.,  '  Ueber  einige  Eruptivgesteine  aun  TransTaal  in  Siid-Afrika/  Neues 

Jahrb.  f.  Min.  &o.,  Beiiage-Band  vii.  (1890)  p.  90. 
De  Launay,  — ,  *  Les  Mines  d'Or  du  Transvaal,'  Ann.  dee  Mines,  s^r.  8,  toL  xix. 

1891,  p.  102. 
DoRSBY,  E.  B.,  'On  the  Witwatersrand  Goldfields/  Beport  Brit.  Assoc  for 

1889  (Newcastle  Meeting),  p.  592. 
LiDDKLL,  J.  M.,  *  The  Gold-fields  of  the  Valley  of  De  Kaap,  Transvaal,  South 

Africa,'  Trans.  N.  Eng.  Inst.  Min.  &  Mech.  Eng.  vol.  xxrviil  (1889) 

p.  171. 
Penning,  W.  H.,  *The  Goldfields  of  Lydenburg  and  DeKaap  in  the  Transvaal,' 

Quart.  Joum.  Geol.  Soc.  vol.  xli.  (1885)  p.  569. 
,  *  The  Transvaal  Goldfields ;  their  Past,  Present,  and  Future,'  Journ.  Soa 

Art*,  vol.  xxiii.  (1884)  p.  608. 
,  *  The  South  African  Goldfields,'  *  Joum.  Soc.  Arts,  vol.  xxxvi.  (1888) 

p.  433. 
,  *  A  Contribution  to  the  Geology  of  the  Southern  Transvaal,'  Quart 

Journ.  Geol.  Soc.  vol.  xlvii.  (1891)  p.  451. 
Bathbone,  E.  p.,  '  Beport  on  the  Coal-Mining  Industry  of  the  Transvaal, 

South  Africa,'  1889. 
Sawyer,  A.  B.,  '  Beport  on  Coal-Mining  in  South  Africa,'  Trans.  N.  Stafis.  Inst 

Min.  &  Mech.  Eng.  vol.  x.  (1890). 
,  '  The  Witwatersrand  Goldfield— Mining  at  Johannesburg,'  ibid,  1889. 
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11.  GEOLOQY  OF  THE  WITWATERSRANDT. 
A.  Tab  GoLD-BiABiire  Coboloicbbates  Ain>  Associated  Bocks  op 

THE  JoHAKKESBUBG  AkeA, 

1.  The  District  in  GeneraL 

This  district  embraces  an  area  of  about  2000  square  miles.  It  is 
Tariously  known  as  the  Witwatersrandt,  Kandt,  or  Johannesburg 
Goldfield. 

The  chief  towns  in  its  northern  portion  are  Johannesburg,  Heidel- 
berg, and  Pretoria ;  of  these  Johannesburg  occupies  the  most  central 
position.  The  Vaal  River  forms  the  southern  boundary  of  the 
district.  East  and  west  the  area  has  no  defined  limits,  but  it 
certainly  extends  eastwards  to  where  the  older  strata  are  concealed 
by  later  deposits  of  Karoo  age,  and  westwards  until  they  are  buried 
beneath  igneous  matter  or  lost  under  the  expanse  of  open  veldt. 

As  a  whole  the  district  may  be  said  to  form  the  northern  part  of 
the  great  central  plateau  of  South  Africa.  Gradually  rising  from 
the  Yaal  River,  its  highest  point  is  reached  near  Johannesburg  in  an 
elevation  of  5600  feet.  Here  three  parallel  ridges  extend  in  an 
east-and-west  direction  for  about  45  miles,  and  the  high  ground  thus 
formed  constitutes  the  watershed  between  the  Limpopo  and  Vaal 
Rivers ;  the  streams  to  the  north  are  tributaries  of  the  former 
river,  while  those  to  the  south  flow  into  the  Vaal.  Most  of  the 
stream-courses  are  mere  dry  channels  during  the  winter  months, 
but  in  the  summer  they  become  filled  with  rushing  turhid  torrents. 

Broadly  speaking,  the  visible  rocks  in  this  district  consist  of  a 
sedimentary  series  of  sandstones,  quartzites,  and  conglomerates,  and 
an  igneous  and  much  later  series  of  basic  and  sub-basic  lavas  and 
intrusive  sheets.  Here  and  there  in  the  folds  of  the  former  set  of 
rocks,  shallow  deposits  of  coal-bearing  strata  have  been  laid  down  ; 
but  these  do  not,  so  far  as  the  writer's  knowledge  goes,  cover  any 
great  extent  of  surface  in  the  Transvaal,  although  coal-beds  of  appa- 
rently the  same  age  extend  over  a  large  area  in  the  Orange  Free  State. 

The  quartzites  and  conglomerates  have  generally  a  southerly  dip, 
with  an  east-and-west  strike.  Behind  Johannesburg,  and  again  to 
the  south,  they  constitute  two  main  parallel  lines  of  elevation  com- 
posed of  several  smaller  ridges  running  east  and  west. 

The  discovery  of  gold  in  the  conglomerate-beds  around  Johannes- 
burg in  1886  has  caused  this  town  to  spring  up  in  what  five 
years  ago  was  a  desert,  and  has  given  these  strata  a  world-wide 
reputation.  Since  the  goldfields  have  been  started  mining  opera- 
tions have  been  extensively  carried  on  along  the  outcrop  of  the 
conglomerate.  There  are  now  (1890)  over  70  mines,  the  workings 
extending  in  an  east-and-west  line  from  Johannesburg  for  nearly 
40  miles.  The  greater  number  of  these  mines  are  situated  on  what 
has  been  named  the  Main  Reef,  the  course  of  which  is  marked  all 
along  its  outcrop  by  derricks,  hauling  machinery,  and  all  the  usual 
adjuncts  of  mining  operations. 
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2.  The  Main  Beef  Series. 

(a)  The  Typesecticns  of  the  Main  Reef  Series  in  the  Saliebury  and 
Henry  Nouree  Mines, 

As  it  is  impossible  for  the  geologist  to  locate  his  position  definitely 
in  the  Witwatersrandt  conglomerate  series,  and  as  neither  the 
summit  nor  the  base  of  this  group  of  strata  has  been  discovered,  he 
is  driven  to  take  some  arbitrary  starting-point.  It  is  most  con- 
venient to  begin  with  the  line  of  conglomerate-bands  which  have 
been  opened  up  by  the  various  gold-mines.  The  sections  are  com- 
plete, and  the  data,  if  ordinary  care  be  exercised  in  selecting  them, 
are  reliable. 

(1)  The  Salisbury  Oold-mine  is  situated  almost  in  the  centre  of 
the  line  of  conglomerates,  and  shows  very  clearly  the  relationships 
of  the  beds  to  each  other.  The  strata  are  very  little  metamorphosed 
and  only  slightly  disturbed  by  faulting ;  and  the  mine  is  well  opened 
up,  so  that  a  complete  section  can  be  obtained. 

The  conglomerate-beds  and  the  associated  rocks  make  no  appear- 
ance at  the  surface,  their  outcrop  being  concealed  beneath  the  super- 
ficial red  soil.  The  mine  is  worked  by  two  levels  at  a  depth  of 
66  feet  and  130  feet  respectively.  Both  levels  give  a  very  instructive 
section  from  north  to  south  of  nearly  150  feet  in  length.  The  dip  is 
high — 85^  S. ;  the  strike  due  east  and  west.  The  dip  remains  con- 
stant throughout  the  mine  and  on  both  levels.  On  the  upper  level 
a  '  cross-cut,'  north  and  south,  near  the  western  boundary  of  the 
mine  passes  through  the  Sequence  of  strata,  beginning  at  the  north, 
enumerated  in  the  explanation  of  fig.  1  facing  this  page. 

The  four  conglomerates  (c,  e,  g^  j)  are  collectively  termed  the 
Main  Beef  Series.  On  Wyld's  map  of  the  Witwatersrandt  Gold- 
fields  (1888)  and  in  the  map  accompanying  the  present  paper 
(PL  XI.)  this  Main  Beef  Series  is  represented  as  one  bed,  the  scale 
in  both  cases  being  too*  small  to  admit  of  the  separate  beds  being 
shown. 

The  word  '  reef '  must  not  be  taken  in  its  ordinary  meaning ;  the 
reefs  are  not  veins  in  any  sense,  but  are  true  conglomerate-beds. 
The  term  *  banket'  is  often  applied  in  the  district  to  any  conglo- 
merate-bed whether  it  contains  gold  or  not,  and  a  series  of  sand- 
stones and  conglomerates  is  often  spoken  of  by  Afrikanders  as  a 
'  banket  formation.' 

The  four  conglomerate-reefs  are  strikingly  similar  in  appearance, 
though  a  miner  who  has  worked  for  any  length  of  time  in  any  one 
mine  recognizes  distinct  differences  between  them. 

The  Main  Beef  proper,  in  the  Salisbury  Mine,  and  indeed  in  most 
of  the  other  mines,  is  the  thickest  aud  least  coherent  of  the  series. 
The  pebbles  are  numerous  and  of  all  sizes,  varying  from  half  an  inch 
to  two  inches  in  diameter.  They  are  chiefly  of  milk-white  qmirtz, 
very  much  broken ;  but  others,  formed  of  a  yellow  talcose  material, 
looking  something  like  hardened  clay,  are  not  uncommon.  The 
cementing-material,  or  that  in  which  the  pebbles  are  embedded,  is 
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Gomposed  of  silvery-grey  micaceous  matter,  and  is  schistose  in 
character. 

The  composition  of  the  NorOi  Reef  is  very  similar  to  that  of  the 
Main  Reef,  hnt  the  pebbles  are  on  an  average  smaller,  and  many 
composed  of  qnartzite  are  met  with. 

The  South  Reef  has  usually  a  larger  number  of  black  quartz- 
pebbles,  and  the  rock  is  much  more  compact  than  any  of  the  other 
reefs.  It  is  most  like  the  Main  Keef  Leader,  and  is  generally  the 
richest  in  gold,  though  there  are  patches  in  the  other  reefs  which 
are  sometimes  as  rich.  In  one  or  two  places  this  reef  is  very  con- 
siderably narrowed,  but  it  is  never  quite  lost. 

The  Main  Reef  Leader  calls  for  little  remark,  except  that,  when 
traced  east  and  west  from  the  central  shaft,  it  is  found  to  '  pinch 
out '  in  many  places,  giving  it  the  local  appearance  of  a  series  of 
lenticles. 

The  predominating  colour  both  of  the  reefs  and  of  the  rock 
between  them  (called  in  the  district  the  '  country  rock')  is  chocolate- 
red.  Many  of  the  harder  portions,  however,  which  are  unchauged, 
are  blue  or  bluish-grey  in  colour ;  and  in  the  lower  (130  feet)  level 
the  whole  of  the  rock  is  found  to  be  blue,  except  along  joints  and 
faults  where  water  can  find  its  way.  The  whole  of  the  strata  at  this 
lower  level,  but  more  particularly  the  conglomerates,  are  crowded 
with  cubical  crystals  and  ellipsoidal  particles  of  iron  pyrites,  and  it 
is  clearly  by  the  oxidation  of  these  and  the  consequent  iron-staining 
that  the  red  colour  is  produced.  The  reefs  also  at  this  lower  level 
are  found  to  retain  their  relative  positions,  but  a  complete  chauge 
has  taken  place  in  the  character  of  the  cementing  material  and  of 
the  rock  between  the  reefs.  The  conglomerates  and  sandstones, 
which  on  the  upper  level  are  soft  and  incoherent,  become  lower 
down  dense  and  hard. 

The  surfaces  of  the  adjacent  rocks  in  contact  with  the  conglo- 
merates— that  is,  the  '  foot  and  hanging  walls,'  as  they  are  called 
— are  smooth  and  polished,  as  if  the  beds  had  been  pushed  over  one 
another  from  the  south.  That  this  movement  has  taken  place,  at 
least  partially,  is  made  clear  in  the  eastern  half  of  the  mine,  where 
there  is  a  reversed  fault  of  a  few  feet  upthrow.  The  pebbles  and 
cementing-material  of  the  conglomerates  show  signs  of  having  un- 
dergone great  pressure.  The  pebbles,  which  are  of  a  beautiful 
milk-white  colour,  are  completely  shattered ;  while  the  cementing- 
material  is  decidedly  schist-like,  and  is  squeezed  in  and  out  and 
around  the  pebbles.  Much  silica  appears  to  have  segregated  out 
from  the  rock  and  exists  now  as  quartz-veins.  These  are  not 
numerous  in  the  Salisbury  Mine,  but  in  the  mine  next  to  be  de- 
scribed they  form  a  very  prominent  feature. 

In  the  eastern  half  of  the  Salisbury  Mine  the  strata  are  broken 
through  by  a  dyke  of  altered  igneous  rock  whose  original  composition 
the  writer  has  not  yet  been  able  to  determine.  The  dyke  is  about 
40  feet  wide,  and  strikes  across  the  beds  at  a  very  acute  angle  along 
a  line  of  fault  which  shifts  the  reefs  horizontally  for  a  foot  or  two. 

(2)  The  Henry  Nourse  Mine  is  situated  about  3  miles  east  of 
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the  Salisbury  Mine,  on  the  outcrop  of  the  Main  Reef.  There  is  in 
this  mine,  as  in  others,  a  great  difference  between  the  rocks  at  the 
upper  and  lower  levels.  No  one,  probably,  examining  the  beds  at 
the  surface  alone,  would  think  that  the  red-stained,  crumbling,  soft 
pebble-beds  and  shales  looking  like  a  series  of  ordinary  sedimentary 
deposits  above,  become  below  bluish  conglomerates,  schistose  rock, 
and  hard  qnartzites.  Surface-outcrops  in  the  Transvaal,  therefore, 
are  not  to  be  relied  upon  as  showing  the  true  nature  of  the  rocks 
as  they  appear  below. 

The  sequence  of  the  beds  on  the  lower  level  is  shown  in  the 
section  on  p.  411  (fig.  2). 

The  quartadte  (a)  is  intensely  hard  and  reveals  planes  of  move- 
ment. It  carries  a  large  proportion  (sometimes  as  much  as  10 
per  cent.)  of  crystals  of  iron  pyrites.  Much  of  the  silica  has  segre- 
gated out  in  the  form  of  quartz-veins,  many  of  which  read^  a 
thickness  of  2  feet. 

The  conglomerate-bands  or  reefs  (h-b^)  are  here  Jive  in  number, 
and  appear  from  the  strike  to  be  continuations  of  those  in  the  Salis- 
bury Mine.  As  far,  however,  as  can  be  judged  from  a  section  of  such 
limited  height  (5  feet)  as  a  *  drive,'  the  bands  are  always  distinctly 
wedge-shaped,  the  thin  end  of  the  wedge  being  downwards.  The 
pebbles  are  shattered,  and  the  eementing-material  is  in  a  schistose 
condition.  On  the  surface  of  the  ground  only  two  reefs  are  seen. 
This  difference  can  be  accounted  for  in  two  ways :  either  the  bands 
(6-6^)  are  lenticles  of  conglomerate,  which  die  out  above  and  below, 
and  are  replaced  by  others  at  different  horizons ;  or  they  are  dupli- 
cations of  one  or  more  bands  by  overfaulting.  Looking  at  the 
metamorphosed  nature  of  the  surrounding  rock,  the  latter  view  seems 
the  more  likely. 

It  should  be  noticed  that  it  is  one  of  the  commonest  results 
of  mining  operations  in  this  district,  as  they  are  continued  in 
depth,  to  cut  through  more  ree&  on  the  lower  than  are  to  be  found 
on  the  upper  levels,  or  at  the  surface.  This  is  so  in  the  '  Meyer  and 
Charlton,'  the  'Village  Main  Reef,'  and  the  'May  Deep  Levels* 
mines.  Indeed  the  writer  is  unaware  of  a  single  instance  in  which 
this  is  not  the  case. 

With  the  exception  of  band  (6^),  which  is  nearly  twice  the  thick- 
ness of  any  of  the  others,  the  bands  are  all  of  the  same  size^  are 
identical  in  composition,  and  the  beds  between  them  are  quite 
similar  to  each  other.  It  is,  however,  impossible  to  say  exactly  to 
what  extent  the  same  beds  have  been  repeated.  Even  one  band  may 
have  been  repeated  several  times.  The  conglomerate-band  (6^)  is 
divided  in  the  centre  by  a  curved  3-inch  layer  of  milk-white  quartz. 
It  looks,  from  the  amount  of  displacement  in  the  eementing-material 
of  the  conglomerate,  and  from  the  crushed  nature  of  the  pebbles,  as 
if  the  conglomerate-bed  had  snapped  and  been  thrust  forward  along 
a  divisional  plane  marked  by  the  thin  quartz-layer. 

The  igneous  rock  (c)  is  probably  a  decomposed  diorite.  It  is 
not  crushed,  and  thus  belongs  to  a  later  period  than  that  of  the 
disturbance  which  has  affected  the  quartzites  and  conglomerates. 

The  schistose  band  (d)  shows  distinctly  that  very  great  pressure 
a  J.  G.  8.  No.  191.  2  e 
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has  been  exerted  both  on  the  conglomerates  and  on  the  adjacent 
rocks.  This  band  is  about  45  feet  thick,  the  qnartzites  (a)  on  either 
side  of  it  being  the  most  highly  metamorphosed  of  any  in  the  mine. 
It  seems  clear  that  this  band  (d)  marks  the  place  and  the  direction 
in  which  the  rocks  have  yielded  most  to  pressure.  The  resulting 
schist  is  probably  chloritic. 

The  dip  of  the  reefs  in  the  Henry  Nourse  Mine  is  nearly  90^. 
In  the  deep  level  another  conglomerate  has  been  struck  by  a  diamond 
drill  at  a  depth  so  slight  as  to  lead  to  one  of  two  suppositions : 
either  the  dip  of  the  reefis  has  decreased  very  rapidly,  or  the  reef 
passed  thi^ugh  by  the  diamond  drill  is  one  of  those  in  the  cross-cut 
north  of  the  main  shaft  repeated  by  fauUing. 

The  sections  in  the  Salisbury  and  Henry  Nourse  Mines,  described 
above,  undoubtedly  prove  that  the  strata  have  been  considerably 
disturbed,  crushed,  and  metamorphosed.  The  succeeding  descrip- 
tions of  the  Main  Reef  Series,  as  it  is  developed  in  the  mines  east 
and  west  of  the  typical  locali^  along  the  line  of  strike,  will  show 
to  how  small  an  extent  the  strata  vary  in  their  original  lithological 
character,  and  how  widespread  is  such  metamorphism  as  has 
affected  them. 

(b)  The  Main  Beef  Series  west  of  the  Salisbury  Mine, 

In  the  Bobinson  Mine,  which  lies  about  a  mile  west  of  the 
Salisbury,  the  Main  Beef  and  the  Main  Beef  Leader  have  approached 
until  they  come  close  together,  the  surfaces  on  either  side  of  the 
divisional  plane  being  smooth,  and  suggesting  that  the  quartzite  has 
been  nipped  out.  There  are  thus  in  this  mine  only  three  reefs — a 
North  Beef,  a  very  thick  Middle  Beef,  and  a  South  Beef.  The 
lower  levels  alone  reveal  the  true  nature  of  the  strata.  The  schist- 
like  character  of  the  cementing-material  is  very  apparent,  portions 
of  it  exactly  similar  to  jrue  silvery  mica-schist  being  common.  The 
dip  of  the  three  reefs '  varies  from  45°  to  50^  S.,  the  change  from 
that  observed  in  the  Salisbury  Mine  coming  in  west  of  the  spmit 
which  divides  the  Bobinson  property  into  two  parts. 

In  the  Langlaate  Estate  Mine,  situated  still  farther  west,  we 
find  a  band  10  feet  thick,  lying  to  the  north,  called  the  Main  Beef, 
another  5  feet  thick  (to  the  south)  called  the  South  Beef,  and  a 
very  inconstant  middle  reef  which  may  be  the  Leader.  The  true 
North  Beef,  if  it  exists  at  all,  has  not  been  reached. 

In  the  CroBsus  and  other  mines  west  of  the  Langlaate  only  two 
reefs,  thinner  than  those  described,  are  found,  called  respectively  the 
Main  Beef  and  the  South  Beef.  The  dip  is  30°  S.  The  South  Beef 
is  very  variable,  seldom  exceeding  2  feet  in  thickness,  while  in  many 
places  it  disappears  altogether. 

In  the  Durban  Boodeport  and  Princess  Mines  this  reef  is  some- 
times represented  by  a  single  line  of  pebbles,  while  in  other  parts 
of  the  mines  it  thickens  out.  The  rocks  in  both  mines  are  highly 
cross-faulted.  The  composition  of  these  reefs  is  almost  identiod 
with  that  of  the  reefii  in  the  Salisbury  Mine. 
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A  drill-hole  placed  on  *  Block  B,  deep  level '  reached  a  depth  of 
800  feet  without  striking  any  reef,  the  cores  showing  a  sdustose 
material  with  much  iron  pyrites.  Another  drill-hole  in  the  Vogel- 
stmis  property  (see  Map,  PL  XI.)  after  passing  through  about 
60  feet  of  the  altered  surface-rock,  entered  a  bluish  schist  which 
continued  for  a  depth  of  over  100  feet,  when  a  diorite  dyke  was 
struck.  The  depth  ultimately  reached  by  the  drill-hole  was  428  feet, 
several  layers  of  white  crystalline  quartz  being  passed  through. 
Both  in  this  quartz,  and  in  the  quartzite,  crystaLs  of  iron  pyrites 
were  exceedingly  numerous. 

From  the  Eobinson  Mine  to  the  Bantjes  Mine  an  average  dip  of 
45°  prevails  ;  from  the  latter  to  the  Kimberley  Boodeport  Mine  the 
average  dip  is  70°,  and  thence  to  the  Banket  Mine  the  dip  gradually 
decreases  until  at  last  it  is  only  about  15*^.  At  the  Banket  Mine 
the  reefs  suddenly  assume  a  northerly  strike  (see  Map,  PI.  XI.) ;  a 
deep  gully  then  intervenes,  on  the  opposite  side  of  which  the  reefs 
cannot  be  traced. 

(c)  T?ie  Main  Beef  Series  east  of  the  Salisbury  Mine, 

East  of  the  Salisbury  Mine  we  meet  with  much  the  same  varia- 
tion in  the  disposition  of  the  reefs  as  in  going  west.  In  several  of 
the  mines  we  have  more  ree&  below  than  are  found  at  the  surface. 
In  the  Jumpers  Mine,  3  miles  east  of  the  Salisbury,  three  reefs  are 
found.  The  dip  between  the  two  mines  is  never  much  less  than 
70°,  the  strike  being  nearly  due  E.  and  W.  At  the  Jumpers  Mine 
'  a  break  occurs,  and  the  dip  to  the  east  is  found  to  have  decreased  to 
45°.  The  dip  is  still  further  lowered  in  the  Simmer  and  Jack  Mine 
to  about  10°,  after  which  it  again  increases ;  but,  so  far  as  the 
writer  is  aware,  it  never  goes  beyond  65°.  East  of  the  Jumpers 
Mine  the  strike  has  a  slight  northerly  trend. 

East  of  the  Simmer  and  Jack  Mine  the  distinction  into  '  north,' 
*'  miain,'  and  '  south '  reefs  vanishes.  Several  reefs  are  found,  but 
in  composition  they  differ  somewhat  from  those  of  the  Main 
Beef  Series,  and  resemble  more  closely  those  presently  to  be  de- 
scribed as  lying  to  the  south.  In  the  United  Main  Beef  Oompan/s 
Mine  a  reef  has  been  struck  at  a  depth  of  100  feet,  which  is  a  true 
conglomerate  dipping  at  about  64°  S.S.W.  Immediately  below  is  a 
band,  a  few  inches  in  thickness,  of  glossy  black  shale.  The  cement- 
ing-material,  or  matrix  of  the  reef,  is  very  much  greyer  than  that  of 
any  of  the  conglomerates  of  the  Main  Beef  Series,  and  a  few  pebbles 
or  fragments  of  black  shale  like  that  lying  below  are  met  with. 

In  the  Cinderella  Mine  (see  fig.  3,  p.  416),  a  little  north  of  Boks- 
buig,  a  conglomerate  or  reef  striking  nearly  N.E.  and  S.W.  is  worked 
for  gold.  Immediately  beneath  it  is  a  blue  slaty  shale  about  a  foot 
thick.  The  surface  of  the  pebbles  in  the  conglomerate  is  of  a  rich 
peacock-blue  colour  due  to  a  coating  of  an  oxide  of  iron.  East  of 
Boksburg  the  reefs  are  soon  cut  off  by  a  large  mass  of  diorite. 

So  &r  as  the  writer  has  observed,  the  thinning  out  and  partial 
disappearance  of  some  of  the  reefs  is  quite  as  common  to  the  east 
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as  to  the  west  of  the  Salisbury  Mine ;  and  the  soft  surface-rocks 
are  also  replaced  below  by  hard  beds  having  a  schistose  character. 

In  the  May  Deep  Levels  Mine  five  hard  and  compact  conglome- 
rates are  admirably  shown.  These  dip  at  45°,  and  associated  with 
them  are  thick  beds  of  crystalline  quartz,  having  the  same  dip. 
These  are  probably  segregation-veins. 


Fig.  3. — Section  across  the  Cinderella  Oold-mine  and  Bokshurg 
Colliery. 

Cinderella 
Gold-  BoksboTK 

W.N.W.      mine.  Bolnban.  Colliery.  E.8.E. 

i^        - 1 


[Length  of  section  =  about  1^  mUe.] 


a.  Ooftl-bearing  beds. 

b.  Quartzites. 

c.  Volcaaio  Ash. 


d.  Conglomerates. 

e.  Diorite. 
/.  Fault. 


The  distance  over  which  the  Main  Keef  Series  can  thus  be  defi- 
nitely traced,  from  the  Banket  Mine  to  the  Simmer  and  Jack  Mine, 
is  about  2b  miles.  Both  east  and  west  of  the  Salisbury  Mine,  as 
we  have  seen,  only  two  conglomerates  are  found  at  the  surface. 
Very  var}'ing  dips  are  met  with,  but  on  the  whole  the  dip  decreases 
both  east  and  west,  and  the  beds  gradually  assume  a  southerly 
trend.  Finally,  it  appears  to  be  invariably  the  case  along  the  whole 
line  of  strike  of  the  Main  Reef  Series  that  the  rocks,  when  traced 
downwards,  assume  more  and  more  a  schistose  character. 


3.  The  Gk>ld-bearing  Conglomerates  south  of  Johannesburg. 

On  'deep-level'  properties  it  is  always  found  that  the  r^ef  is 
struck  at  a  much  shallower  depth  than  would  be  calculated  from 
sorfiEtce  indications,  and  that  more  reefs  are  met  with  below  than 
appear  at  the  surface.  These  facts  are  generally  considered  to 
show  that  the  conglomerate-beds  form  a  basin,  and  are  decreasing 
in  dip  towards  its  centre.  But  there  is  scarcely  a  mine  on  the 
Bandt  that  does  not  reveal  abundant  evidence  of  reversed  faulting. 
In  the  case  of  the  two  diamond  drill-holes  placed  on  the  Yogelstmis 
property  (see  Map,  PI.  XI.)  there  can  scarcely  be  a  doubt  that  the 
apparent  decrease  in  the  dip  of  the  reefs  is  due  to  this  cause.  In 
one  of  the  drill-holes  a  sheet  of  diorite,  apparently  in  a  line  of 
fault,  was  passed  through  immediately  i^r  the  reef  was  struck  ; 
while  the  shaft  north  of  the  second  drill-hole  showed  a  reversed 
fault,  with  the  upthrow  portion  of  the  beds  fiat,  while  the  reef 
still  farther  north  had  a  dip  of  nearly  70^.     Such  facts  are  de- 
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eidedly  opposed  to  the  theory  that  the  conglomerate-beds  lie  in  a 
simple  basin. 

(a)  Second  Beef  Series^  south  of  the  Main  Beef. — There  are  some 
conglomerate-beds  struck  by  the  diamond  drills  which,  so  far  as 
position  is  concerned,  lie  nearest  to  the  Main  Beef  on  the  south, 
but  these  do  not  apparently  come  to  the  surface. 

Two  conglomerates  called  the  Bed  and  Yellow  Beefs  crop  out, 
however,  about  a  mile  to  the  south  of  the  Main  Beef  Series.  The 
Bed  Beef  is  best  seen  in  the  Great  Britam  and  Eimberley  Boode- 
port  Mines,  situated  about  9  miles  west  of  Johannesburg ;  while 
east  of  Johannesburg  both  the  Bed  and  Yellow  Bee&  can  be  studied 
near  Elsburg  and  Boksburg. 

The  outcrop  of  these  reefs  cannot  be  traced  for  any  great  dis- 
tance, being  generally  hidden  beneath  the  ubiquitous,  superficial  red 
soil.  Where  seen,  their  dip  is  always  lower  than  that  of  the  Main 
Beef  Series,  but  proportional  to  it.  As  these  reefs  are  not  mined 
to  any  great  depth  it  is  impossible,  from  the  limited  nature  of  the 
observations,  to  state  exactly  what  their  composition  is.  Judging 
fix)m  surface-outcrops,  they  are  unlike  any  one  of  the  members  of 
the  Main  Beef  Series.  The  cementing-material  of  the  reefs  is  much 
softer,  and  quartz-pebbles  are  rarer ;  while  white  and  grey  quartz- 
ites,  together  with  black  speckled  sandstones,  are  very  common. 
The  associated  rocks  are  grits  and  sandstones. 

(b)  Third  Eeef  Series,  still  farther  south. — ^The  next  well-marked 
conglomerates  crop  out  about  5  miles  south  of  Johannesburg,  and 
form  a  line  of  escarpment  facing  the  north.  They  are  mined  in 
only  one  or  two  places,  and,  except  in  the  case  of  the  Aurum  Mine, 
nev^  to  a  sufficient  depth  to  reach  the  undecomposed  strata. 
There  are  several  of  these  conglomerates,  and  they  are  associated 
with  grits  and  sandstones.  In  a  shaft  on  the  Aurum  estate  (see 
Map,  PL  XI.)  the  sandstones  are  found  to  assume  more  and  more 
the  character  of  quartzites,  and  to  become  slightly  pyritous  as  they 
are  traced  downwards.  The  pebbles  in  the  conglomerates  are  very 
much  larger  than  in  any  of  the  reefs  to  the  north — the  pebbles 
averaging  about  3  inches  in  diameter,  while  some  are  as  large  as 
a  man's  head.  They  are  nearly  all  of  a  pure  white  quartzite,  a 
few  being  of  sandstone. 

These  conglomerates  can  be  traced  along  the  escarpment  for  about 
15  miles,  east  and  west.  In  the  direction  of  the  dip  they  are  soon 
cut  off  by  an  immense  outflow  of  basaltic  and  quartz-amygdaloid 
lavas,  forming  the  heights  called  the  Eagle's  Nest  (see  Map,  Fl.  XI.). 
Along  the  whole  line  of  strike  the  conglomerates  have  a  uniform 
dip  of  15°  S.  This  is  an  interesting  point,  for  north  of  a  line 
drawn  up  the  Klip  Biver  valley  the  strata  are  affected  in  the  same 
manner,  as  to  dip,  as  the  Main  Beef  Series ;  while  the  conglomerates 
now  under  discussion,  and  the  associated  rocks  which  lie  to  the 
south  of  this  Une,  are  uniform  in  dip  and  strike  for  the  whole  dis- 
tance mentioned  above.  It  is  thus  probable  that  a  fault  runs  up 
the  Xlip  Biver  valley.  This  hypothesis  is  further  strengthened  by 
the  fact  that  the  material  thrown  out  at  the  surface  of  the  '  Klip 
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Biversberg'  Mine,  which  is  situated  on  this  probable  fault-line, 
Gonsists  of  highly  schistose  and  cleaved  rocks  yery  much  sUcken- 
sided. 

(c)  Beds  near  Qermiston. — ^Near  Gtermiston,  a  small  village  S.£. 
of  Johannesburg  (see  Map,  PL  XI.),  three  or  four  conglomerate- 
beds  are  shown  in  the  Spruit  near  the  village.  This  stream  also 
cuts  through  a  greyish-black  band  of  volcanic  ash  about  15  feet 
thick,  which  breaks  with  a  highly  oonchoidal  fracture,  and  in  ap- 
pearance resembles  a  fcetid  limestone.  The  only  other  locality 
known  to  the  writer  where  volcanic  ash  comes  in  is  near  Eoksbuig 
(see  fig.  3,  p.  416).  As  the  ash-band  near  Qermiston  lies  more  than 
a  mile  south  of  the  Main  Beef  Series,  whereas  near  Boksburg  an 
ash-band  closely  resembling  it,  and  also  associated  with  similar  con- 
glomerates, lies  only  a  few  hundred  yards  south  of  what  is  mapped 
as  Main  Beef  Series,  we  have  either  two  separate  beds  of  ash  asso- 
ciated with  conglomerate-groups  and  lying  at  different  horizons,  or 
there  Ib  but  one  bed  of  ash,  and  the  associated  conglomerates  are 
the  same.  If  the  latter  is  the  case,  are  we  to  suppose  that  the 
beds  are  thinning  out  towards  Boksburg,  or  that  a  strike-fault 
brings  the  ash-bed  at  Boksburg  nearer  to  the  Main  Beef? 

Another  solution  may  be  suggested,  viz.,  that  the  conglomerate- 
beds  near  Boksburg,  and  in  fact  those  east  of  the  Simmer  and 
Jack  Mine  (situated  a  little  west  of  Qermiston),  are  not  the  Main 
Beef  Series  which  occurs  farther  north,  although  they  are  mapped 
as  such.  They  do  not  resemble  the  Main  Beef  as  it  occurs  nearer 
to  Johannesburg,  but  are  rather  more  nearly  allied  to  the  Bed 
and  Yellow  Beefs  lying  to  the  south. 

Unfortunately  the  ground  north  of  Boksburg  is  covered  with 
grass,  and  exposures  are  rare.  Taking  into  consideration,  however, 
the  change  of  strike  in  the  Cinderella  Mine,  and  the  appearance  of 
oonglomerate-beds  identical  with  the  Main  Beef  Series  to  the  N.N.£. 
(as  shown  in  the  Chimes  and  Yan  Byn  properties),  together  with 
the  fact  that  the  ash-band  is  similar  to  that  near  Qermiston,  it 
seems  at  least  probable  that  the  real  Main  Beef  Series  lies  farther 
north  of  the  Cinderella  Mine. 

4.  The  Conglomerates  north  of  the  Kain  Beef  Series. 

North  of  the  Main  Beef  Series  conglomerates  seem  to  have  been 
met  with  in  only  two  places.  One  or  more  bands  are  said  to  ezist 
north  of  Durban  Boodeport,  but  these  the  writer  has  not  examined. 
An  interesting  and  excellent  exposure,  however,  occurs  in  an 
isolated  hill  behind  Jeppe's  Township,  situated  about  a  mile  east  of 
Johannesburg. 

The  hill  is  about  a  mile  and  a  half  long  by  half  a  mile  wide,  and 
rises  to  a  height  of  nearly  200  feet  above  the  level  of  Johannesburg. 
It  is  partially  deft  in  the  centre  by  a  gully  in  which  a  section 
(see  fig.  4,  p.  419)  was  obtained.  Two  very  marked  groups  of  beds 
are  exposed.  The  lower  one  is  composed  of  quartzites  of  vaiying 
hardness,  and  quartz-schists  resting  on  hardened  red  shales ;   the 
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upper  one  is  composed  of  conglomerates  and  compact  sandstones. 

lie  lower  set  suggest  the  beds  of  the  Main  Reef  Series  highly 

compressed ;  the  upper  set  bear  a  strong  petrological  resemblance  to 

the     conglomerates     and 

sandstones    described    as  ^ 

occurring  about   5  miles 

south    of    Johannesburg, 

and    therefore    about    6 

miles  south-west  of  this 

hill. 

The  shales  (a)  dip  at 
anangleofeO'^S.  Traced 
westwards  from  the  gully 
they  thin  out  like  a 
wedge ;  eastwards  they 
broaden,  ascend  the  hill, 
become  intensely  hard, 
black,  and  much  twisted, 
and  finally  end  off  against 
hard  white  quartzites. 
There  is  no  sign  of  break 
or  fault  where  the  junc- 
tion occurs,  nor  do  the 
two  sets  of  beds  interdi- 
gitate.  This  curious  phe- 
nomenon is  possibly  due 
to  a  thrust-plane.  The 
schist  and  quartzites  (b) 
and  the  conglomerates  (c) 
dimb  the  hill  with  the 
black  shales  and  end  off 
similarly  etgainst  the  white 
quartzites.  The  reef-like 
beds  (e)  consist  of  very 
hard  white  quartzite  with 
a  few  scattered  and  broken 
pebbles.  The  quartzites 
and  micaceous  schist  (g) 
show  signs  of  great  pres- 
sure. The  bands  of 
schist  are  distinctly  wedge- 
shaped,  and  are  caught  up 
and  twisted  in  and  out 
among  the  associated 
quartzite  in  a  remarkable 
manner.  There  is  also 
at  this  point  a  change  of 
dip  from  60°  S.  below  to 
not  more  than  30°  S. 
above.       This    seems    to 
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mark  the  place  where  the  beds  have  given  way  most,  though  any 
distinct  plane  of  movement  is  not  apparent.  The  conglomerates 
and  sandstones  (j  to  n)  do  not  call  for  special  mention.  Assays 
give  no  trace  of  gold.  They  dip  to  the  S.  at  an  angle  of  30%  and 
are  soon  faulted  against  red  shales  apparently  identical  with  band  (a). 
These  red  shales  (p)  have  a  slight  northerly  dip  close  to  the  fault ; 
they  then  become  vertical,  assume  a  southerly  dip,  and  finally  pass 
beneath  nearly  perpendicular  quartzites  (q).  The  whole  of  the  red 
shales  mentioned  appear  to  be  identical  in  composition,  and  probably 
in  thickness,  with  those  presently  to  be  described  as  lying  north 
of  Johannesbui^.  The  fault  (/*)  is  marked  by  a  two-foot  band  of 
white  quartz. 

The  remarkable  conglomerates,  &c.,  of  this  hill  must  either  be 
above  or  below  the  Main  Reef  Series.  If,  as  their  composition  and 
poorness  in  gold  tend  to  show,  they  belong  to  the  series  lying  south 
of  the  Main  Beef  Series,  they  can  have  come  into  their  present 
position  only  in  one  of  two  ways — either  they  have  been  faulted  down, 
or  they  have  been  brought  up  from  below.  If  the  latter  be  the  case, 
and  if  their  close  resemblance  to  the  more  southerly  reefe  may  be 
relied  upon  as  proving  the  identity  of  the  two,  then  the  apparent 
sequence  of  the  conglomerate-beds  of  the  Eandt  is  a  false  one,  and 
the  reefs  which  are  now  the  highest  are  the  oldest.  If,  however, 
they  have  been  faulted  down  they  are  of  course  newer. 

b.  The  Lower  ftuartzite-and-Shale  Group  north  of  JohanneBlrarg, 
and  its  relation  to  the  Main  Beef  Series. 

Immediately  north  of  Johannesburg  the  ground  rises  in  an 
abrupt  ridge  to  the  height  of  about  130  feet  above  the  town.  This 
ridge  is  one  of  four,  all  of  which  present  steep  escarpments  to  the 
north,  and  are  separated  from  each  other  by  deep  valle3's  running 
east  and  west.  The  ridges  consist  for  the  most  part  of  white 
quartzite,  while  the  valleys  between  are  excavated  in  red  and  highly 
ferruginous  shales.  The  quartzites  have  an  average  dip  of  about 
45°  S.,  but  the  shales  show  varying  dips — sometimes  nearly  90**,  and 
never  much  below  45°.  The  first  ridge  consists  of  white  quartzite 
underlain  by  grey  and  yellow  fiaggy  sandstones,  the  second  and 
third  ridges  are  entirely  of  white  quartzite,  while  the  fourth  is  in 
places  a  white,  cr}'stalline  quartz-rock.  The  first  valley  is  widest 
and  reveals  more  of  the  strata  than  the  other  two.  In  it  the  shales 
underlying  the  fiaggy  sandstones  are  beautifully  ribbed  with  layers 
of  crystalline  quartz ;  they  are  black  above,  but  pass  down  into 
red  shales  of  the  same  character.  Both  are  considerably  hardened. 
The  two  succeeding  valleys  to  the  north  are  occupied  by  red 
shales  alone.  Quartz  veins,  often  crossing  each  other  at  right 
angles,  are  frequent  both  in  ^e  shales  and  quartzites,  but  are  &r 
more  numerous  in  the  fourth  ridge  than  in  the  others.  The  bands 
of  quartzite  and  shale  can  be  traced  westwards  for  nearly  20  miles  to 
a  little  beyond  Erugersdorp.  Eastwards  the  third  and  fourth  bands 
of  quartzite  soon  unite  and  finally  end  off  against  a  strongly-marked 
fault  (see  Map,  Fl.  XI.).     (See  figs.  5  &  6,  facing  this  page.) 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


422  UB.  W.  6IB80N  OX  THE  GEOLOGY  OF  THE  GOLD-BBABINO 

The  quartzites  are  identical  in  thickness,  but  the  shales  occupying 
the  first  valley  are  as  thick  again  as  those  filling  the  other  ravines, 
owing  to  the  presence  of  the  ribbed  black  shales,  A  section  across 
the  latter  may  be  seen  behind  the  Landdrost's  house.  Their  disp^ 
sition  is  such  as  to  afibrd  most  unquestionable  evidence  that  the 
rocks  have  been  much  folded  and  overthrust.  The  beds  have  been 
thrust  forward  to  such  an  extent  that  the  axes  of  the  folds  have 
passed  the  vertical ;  and  even  hand-specimens  are  marked  by  minor 
ripplings,  which  in  situ  have  the  same  general  southerly  dip  and 
east-and-west  strike  as  the  beds  themselves.  The  red  shales 
following  the  black  ones  to  the  north  are  as  a  rule  inclined  at  a 
much  steeper  angle. 

A  tunnel  on  the  Houghton  Estate  (see  Map,  PI.  XI.),  driven  into 
the  escarpment  formed  by  the  northernmost  band  of  quartzite,  passes 
first  of  all  through  an  exceedingly  crushed  and  altered  shale. 
Pressure  has  almost  entirely  disguised  its  true  nature  ;  it  is  crossed 
and  recrossed  by  numerous  veins  of  crystalline  quartz,  while  the 
original  felspathic  constituents  have  become  highly  talcose,  and  the 
banding  caused  by  the  difierent  tints  of  red  and  green  resembles 
that  of  serpentine.  Traced  westward  the  shale  becomes  less  altered, 
and  can  finally  be  recognized  as  a  hardened  red  shale  identical  with 
that  occupying  the  valleys.  In  the  road-cutting,  a  little  west  of  the 
tunnel,  the  shales  are  seen  to  be  twisted  in  and  out  among  the 
quartzite.  They  are  not,  however,  so  metamorphosed  as  in  the 
tunnel,  and  are  still  recognizable  as  shales,  although  intensely 
hardened  and  partially  changed  into  schist.  Farther  in  the  hill  the 
tunnel  shows  the  strata  curving  upwards.  This  is  very  markedly 
the  case  with  a  two- foot  band  of  conglomerate.  The  pebbles  in  it 
are  small  and  much  shattered.  The  cementing-macerial  (matrix) 
is  a  green  chloritic  substance  of  schistose  character,  and  this  fiows 
between  and  around  the  pebbles,  forming  a  rock  resembling  in 
appearance  an  mvgen-gneiss.  Gold  is  present,  but  is  not  equally 
disseminated  through  the  rock. 

The  crushed  state  of  the  shale,  the  upward  curving  of  the  strata, 
and  the  visible  features  of  the  conglomerate  are  all  strong  evi- 
dences that  a  thrust-plane  of  great  importance  is  being  approached ; 
and  before  long  we  find  the  quartzites  of  the  series  resting  at  once 
on  gneisses  and  schists,  the  pllne  of  contact  being  probably  the  plane 
where  the  maximum  differential  movement  of  a  powerful  thrust 
was  brought  about. 

The  third  valley  is  largely  filled  up  by  a  sheet  of  diorite.  This  is 
very  fresh-looking  and  apparently  unaltered.  It  is  clearly  later  in 
age  than  the  powerful  crust-movements  to  which  the  quartzites  and 
shales  have  been  subjected. 

The  first  band  of  quartzite  which  has  just  been  mentioned 
lies  about  a  mile  to  the  north  of  the  Main  Reef  conglomerate  series. 
Throughout  the  whole  length  of  its  outcrop  it  retains  an  average 
dip  of  45°  S.,  never  being  much  higher  or  lower.  The  Main  Eeef 
Series,  on  the  contrary,  is  nearly  vertical  in  the  centre,  while  east  and 
west  the  dip  decreases  to  an  average  of  16°  S.     Now  the  strata 
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occapying  the  ground  between  the  Main  Beef  Series  and  the 
Quartzite-and-Shale  Group  are  ever}'where  found  to  have  the  same 
dip  as  the  Main  Beef  Series.  It  has  also  been  already  stated  that 
the  quartzite  bands  die  out  eastwards  against  a  fault.  There  cannot 
therefore  be  any  doubt  that  a  fault  separates  the  Main  Eeef  Series 
and  its  associated  beds  from  the  Quartzite-and-Shale  Group  below. 
The  strata  occupying  the  ground  between  the  outcrops  of  the  two 
groups  are  composed  of  lenticular  bands  of  sandy  quartzite,  compact 
quartzite,  and  red  shales.  It  wUl  be  seen,  on  referring  to  the  Map 
(PL  XI.),  that  the  beds  composing  the  Quartzite-and-Shale  Group 
keep  the  same  relative  distance  from  the  Main  Eeef  Series  from 
Johannesburg  to  the  Banket  Mine  on  the  west,  and  to  the  Jumpers 
Mine  on  the  east.  Evidently  the  two  groups  form  portions  of  one 
larger  series,  but  the  exact  sequence  and  relationship  of  the  beds 
cannot  be  fully  made  out,  owing  to  the  break  occasioned  by  the 
fault. 


B.  Physical  Belationships  of  the  WiTWATBR8RAin)T  Bocks. 

1.  Belation  of  the  Lmver  Quartzite-and-Shale  Gfroujp  to  the 
underlying  Bocks, 

The  rocks  underlying  the  entire  series  of  quartzites  and  shales 
already  described  are  found  to  consist  of  highly  crystalline  and 
metamorphosed  beds,  which  have  been  intensely  crumpled  and 
plicated.  The  nearest  approach  to  an  absolute  junction  between 
the  two  sets  is  found  on  the  Houghton  Estate  (see  Map,  PI.  XI.). 
It  has  been  previously  mentioned  that  a  tunnel  driven  into  the 
fourth  ridge  of  quartzite  passes  first  of  all  through  some  highly 
metamorphosed  shales.  In  a  vertical  shait,  a  little  to  the  north, 
gneissic  rocks  were  struck  at  a  depth  of  about  30  feet ;  the  ground 
between  the  mouth  of  the  tunnel  and  the  shaft  is  quite  fiat.  Small 
isolated  patches  of  an  intensely  hard  and  highly  schistose  quartzite 
are  found  in  several  localities  north  of  the  Houghton  Estate.  In 
one  or  two  places  these  patches  can  be  seen  to  overlie  gneissic  rocks, 
but  any  absolute  junction  of  the  two  could  not  be  discovered.  In 
one  spot,  about  3  miles  north  of  the  manager's  house,  a  small  boss 
of  pegmatite  crops  out.  The  crystals  of  quartz  in  this  are  some- 
times 3  inches  long  and  about  ^  in.  across.  The  felspar  is  of  a  faint 
pinkish-white  colour,  the  crystals  being  sometimes  very  large.  The 
exposure  is  not  sufficiently  extensive  to  show  whether  this  coarse 
granite  is  intrusive.  To  the  east,  and  not  more  than  200  yards  oS, 
a  dyke  of  fresh-looking  diorite  is  found  with  a  north-and-south  trend. 

In  the  main  shaft  of  the  Houghton  Gold-mine  a  vein  of  quartz 
enclosed  in  quartzite  suddenly  dies  out,  at  a  depth  of  about  60  feet, 
against  a  pinkish-red  granite.  It  was  stated  by  the  manager  that 
the  quartz-vein  and  the  associated  rock  commence  with  a  southerly 
dip,  which  considerably  decreases  in  amount  to  the  south,  till  finally 
the  rock  becomes  horizontal,  and  then  assumes  a  northerly  dip  till 
it  ends  off  against  the  granite.    It  is  to  be  noted  that  the  nearer  the 
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quarizites  and  shales  approach  the  gneissic  rocks  the  more  sohistoee 
tiiey  become,  and  in  no  case  can  it  be  said  with  certainty  that  the 
granite  is  intruded  into  the  sedimentary  beds. 

About  six  miles  west  of  the  Houghton  Mine  a  conspicuous  hill 
rises  up  from  the  veldt.  It  is  composed  of  white  schists  and  quartz- 
ites  having  a  high  dip  to  the  south.  Farther  north  the  surface  of 
the  country  is  composed  mainly  of  igneous  rocks. 

These  igneous  rocks  are  of  two  dates.  The  older  set  have  been 
intensely  altered  by  pressure,  and  strike  roughly  east  and  west. 
They  appear  to  have  been  highly  basic  in  character,  and  many 
secondajy  minerals  have  been  formed— chlorite,  talc,  and  asbestos 
being  the  commonest.  The  chlorite  occurs  in  large  plates;  the 
asbestos  fibre  is  short,  and  not  of  fitB<>-rate  quality. 

The  newer  set  also  consists  of  basic  rocks,  but  the  strike  is  here 
north  and  south,  and  the  material  is  unaltered.  The  principal  rock 
is  a  diorite,  which  occurs  in  dyke-like  masses  and  cuts  across  the 
older  metamorphosed  series. 

2.  Belation  of  the  Quartsite  and  Conglomerate  Seriee  to  the 
overlying  Strata. 

We  have  seen  that  the  age  of  the  quartzites  and  conglomerates 
can  be  determined  neither  from  the  strata  themselves,  for  they  are 
unfossiliferous,  nor  from  the  underlying  rocks,  as  these  consist  of 
gneisses  and  schists.  All  that  can  safely  be  said  is  that  there  is  a 
marked  unconformity  between  them  and  the  rocks  below ;  and  it 
is  disappointing  to  find  that  in  the  only  locality  where  any  of  the 
overlying  rocks  have  yet  been  discovered  a  very  great  unconformity 
also  intervenes.  The  ago  of  the  conglomerates  or  reef-beds  is  there- 
fore left  wholly  undetermined. 

The  unconformable  beds  overlying  the  conglomerate  series  are 
the  coal-bearing  strata  of  the  Boksburg  and  Heidelberg  districts. 
Good  sections  can  be  obtained  in  any  of  the  coal-pits ;  but  the 
relation  of  the  coal-beds  to  the  conglomerates  can  be  best  studied 
in  the  inclined  shaft  of  the  Cinderella  Mine,  and  in  the  adjoining 
property  of  the  '  Blue  Skip.' 

The  section  (see  fig.  3,  p.  416)  displays  about  30  feet  of  white 
and  yellowish-white  sandstones,  resting  nearly  horizontally  on  the 
edges  of  the  conglomerate-beds  which  dip  45°  8.S.W.  That  these 
sandstones  belong  to  the  same  series  of  rocks  as  those  shown  in  the 
shaft  of  Wishaw  Colliery  is  sufficiently  dear  from  the  contour  of  the 
ground  and  the  identity  of  the  beds  in  the  gold-mine  and  the  colliery. 
The  strata  in  the  coUiery,  lying  above  and  below  a  seam  of  coal  about 
11  feet  thick,  consist  of  white  and  yellowish-white  sandstones. 

In  many  places  around  Boksburg  and  Heidelberg  patches  of  coal- 
bearing  beds  exist,  and  in  some  cases  are  worked  for  coal.  The 
coal-seams  are  without  underclays ;  while  olive-white  and  yellowish- 
white  sandstones  form  the  interstratified  layers.  Compared  with 
English  types  the  coals  are  of  a  very  inferior  quality,  containing  a 
very   large  percentage  of  incombustible  matter.      On  the  Nigel 
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Mynpacht  Mine  property  (see  fig.  8,  p.  431),  lying  about  9  miles 
S.S.E.  of  Boksbnrg,  coal  has  been  disooyered,  and  is  worked  for  the 
use  of  the  'battery'  and  mine-engines.  In  a  short  visit  which  the 
writer  paid  to  the  coal-shaft  there  were  found  lying  on  the  surface 
several  pieces  of  dark  limestone  breaking  with  a  conchoidal  fracture 
and  resembling 'in  appearance  the  'peldon'  bands  and  Spircrbis 
limestone  of  ti^e  Upper  Carboniferous  measures  of  England.  No 
fossils  were  discovered  in  it. 

Wherever  the  writer  has  seen  the  coal-bearing  beds  of  the  Orange 
Free  State — near  Klerksdorp,  Kroonstad,  and  Wynburg — they  are 
identical  with  those  of  Boksbnrg  and  Heidelberg.  In  the  river  at 
Kroonstad  a  very  good  section  of  the  horizontal  olive- white  and 
yellow  sandstones  is  exposed.  In  the  Heidelberg  and  Boksbnrg 
districts  the  coal  lies  in  detached  basins ;  these  basins  are  very 
shallow  in  the  Trans vaal,  but  in  the  Orange  Free  State  the  coal- 
strata  will  probably  be  found  to  constitute  much  thicker  deposits, 
while  it  is  certain  that  they  cover  much  wider  areas  than  in  the 
neighbouring  Bepublio. 

From  the  fact  that  the  coals  contain  a  large  quantity  of  fine  black 
shaly  material,  and  that  underdays  are  invariably  absent — coarse 
sandstones  forming  both  ^  roof '  and  *•  fioor/ — it  is  highly  probable 
that  the  coals  are  of  drift  and  lacustrine  origin.  This  conclusion  is 
also  supported  by  the  fact  that  all  the  evidence  tends  to  point  to 
their  Karoo  or  post-Karoo  age.  For,  as  it  seems  generally  agreed 
among  all  those  who  are  personally  acquainted  with  South  African 
geology  that  the  present  central  plateau  is  of  pre-Karoo  age,  the 
Karoo  and  Stormberg  beds  must  be  of  terrestrial  and  freshwater 
origin.  Now,  in  the  Orange  Free  State  the  coal-beds  are  of  acknow- 
ledged Upper  Karoo  and  Lower  Stormberg  age,  and  it  seems  certain 
that  the  coals  of  the  Transvaal  and  of  the  Orange  Free  State  belong 
to  one  and  the  same  geological  formation. 

A  detailed  account,  however,  of  the  coal-beds  of  the  Transvaal  is 
beyond  the  scope  of  this  paper.  What  is  learnt  from  them  in  refer- 
ence to  the  Beef  Series  is,  that  the  interval  between  the  tilting  and 
the  denudation  of  the  latter  and  the  deposition  of  the  coal-bearing 
strata  was  a  long  one.  Ultimately  the  Southern  Transvaal  seems  to 
have  been  converted  into  a  lake-basin,  or  more  probably  into  a  series 
of  lake-basins,  into  which  logs  of  timber  and  other  drift-materials 
were  floated,  their  relics  constituting  the  present  coal-seams. 

3.  The  FauUs^  Dykes,  and  Ignecus  Rock-maeaes  of  the 
Witwatersrandt, 

In  a  series  of  rocks  which  from  constitution  and  alteration  are  so 
similar  that  no  distinctive  band  can  be  certainly  settled  to  have  a 
definite  horizon,  and  where  the  outcrops  are  largely  coucealed  be- 
neath superficial  deposits,  it  is  of  course  impossible  to  lay  down  the 
position  and  direction  of  the  faults  with  complete  accuracy.  The 
directions  of  those  inserted  upon  the  accompanying  Map  (PI.  XI.) 
are  thus  more  or  less  inferential,  but  it  is  believed  that  in  no  case 
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has  any  fault  been  laid  down  without  strong    eyidence  of    its 
existence. 

The  majority  of  the  smaller  fj^nlts  in  the  mines  cat  at  a  veiy 
acute  angle  across  the  beds,  till  in  yery  many  instances  they  become 
strike-faults  having  an  east-and-west  trend..  Such  faults  are  ex- 
tremely common,  scarcely  a  mine  being  without  one  or  more  ex- 
amples. North-and-south  faults  are  somewhat  rarer,  the  outcrop 
of  the  Main  Beef  Series  being  very  little  shifted  along  its  whole 
length. 

It  has  been  previously  mentioned  that  west  of  the  Banket  Mine 
there  is  evidence  for  a  large  fault  cutting  off  the  Main  Beef  Series 
(see  Map,  Fl.  XI.).  Now,  around  Erugersdorp,  about  six  miles 
north-west  of  the  Banket  Mine,  several  reefs  are  found  having  no 
definite  relationship  to  the  Main  Beef  beds,  but  resembling  those 
Ibat  occur  to  the  south.  The  dip  is  very  various,  a  shallow  dip  at 
the  surface  becoming  vertical  below,  and  vice  versd,  and  the  exist* 
ence  of  numerous  small  faults  is  shown  in  the  mines.  None  of 
these  beds,  however,  can  be  traced  far  eastwards,  while  the  Main 
Beef  cannot  be  traced  westwards.  Taking  all  these  points  into 
consideration,  it  seems  highly  probable  that  these  reefs  to  the  south 
of  Krugersdorp  are  dislocated  portions  of  those  lying  south  of  the 
Main  Beef,  and  that  they  are  cut  off  eastwards  by  a  strike-fault 
which  is  an  extension,  or  a  branch,  of  that  running  up  the  Banket 
Spruit.  The  Main. Beef  Series  should,  unless  the  thinning-out 
shown  in  the  Durban  Boodeport  and  Princess  Mines  represent  an 
actual  dying-out  in  the  beds,  be  met  with  to  the  north-west  of 
Krugersdorp. 

On  the  map  two  nearly  north-and-south  faults  are  represented  as 
cutting  off  the  Main  Beef  Series  to  the  east  and  west.  The  western 
fault  has  just  been  referred  to,  and  the  evidence  for  the  existence  of 
the  eastern  fault  is  nearly  identical  in  character.  At  Boksburg  the 
reefs  are  found  to  be  turning  sharply  to  the  south,  and  finally  to 
end  off  against  a  mass  of  diorite.  In  the  Chimes  Mine,  3  miles 
N.N.E.  of  Boksburg,  a  reef  is  worked,  which,  if  mineralogical  com- 
position can  be  relied  on  as  indicating  identity,  is  one  of  the  Main 
Beef  Series.  Even  if  the  Boksburg  reefs  belong  to  those  lying  south 
of  the  series  just  mentioned,  still  the  reef  in  the  Chimes  and  Van 
Byn's  groimd  lies  too  far  north  to  be  one  of  the  Main  Beef  beds, 
unless  brought  into  its  present  position  by  f&ulting. 

The  great  east-and-west  fault  behind  Johannesburg  can  be  easily 
detected  by  its  cutting  off  one  member  after  another  of  the  quartz- 
ites  and  red  shale-bands  in  going  from  west  to  east.  My  reasons 
for  supposing  this  to  be  a  reversed  fault  have  been  already  given,  as 
have  also  those  for  placing  a  fault  up  the  Klip  Biversberg  valley. 

Throughout  the  Bandt  the  result  of  the  faulting  has  been  to  cut 
up  the  country  into  a  series  of  strips  striking  east  and  west.  How 
much  of  the  sequence  of  the  beds  is  concealed,  and  how  much  of 
the  apparent  thickness  is  due  to  repetition,  the  writer  is  unable  to 
Bay. 

Yery  few  instances  occur  of  igneous  rocks  intruding  into  the 
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Main  Reef  Series.  In  the  Vogelstruis  Mine  (see  Map,  Fl.  XL)  a 
diamond  drill  cut  into  a  dyke  of  diorite.  The  dyke,  however, 
proved  to  be  nearly  vertical,  so  that  boring  was  stopped  before  the 
thickness  of  the  dyke  could  be  ascertained.  In  the  eastern  portion 
of  the  same  mine  a  nearly  vertical  dyke  about  30  feet  thick  was 
drilled  through.  The  composition  of  this  diorite  is  unlike  that  of 
any  other  igneous  rock  in  the  Transvaal.  A  large  proportion  of  the 
felspar  is  decomposed,  and  the  lime  has  separated  out  in  the  form 
of  calcium  carbonate.  Erom  the  evidence  of  the  surface  dumps  of 
the  Percy  and  Jumpers  Mines  it  appears  that  a  dyke  of  the  same 
material  has  been  passed  through  there. 

With  the  exception  of  the  thin  grey  ash-beds,  already  mentioned 
as  occurring  near  Gemuston  and  Boksburg,  nothing  else  of  a  vol- 
canic or  igneous  nature  is  associated  with  or  interferes  with  the 
Eeef  Series. 

In  the  western  portion  of  the  Princess  Mine  a  dyke  filled  with 
blue  day,  about  40  feet  thick,  runs  nearly  verticaUy  across  the  beds. 
The  clay  is  very  much  compressed,  and  seems  to  have  filled  up  an 
open  fault,  the  sides  of  which  afterwards  closed  in.  So  far  as  seen 
there  appears  no  tendency  in  the  dyke  to  narrow  as  it  descends. 

None  of  the  southernmost  reefs  are  pierced,  so  far  as  I  am 
aware,  by  any  igneous  rock,  though  they  are  in  close  proximity  to 
a  thick  mass  of  basalt. 

In  the  quart'zites  and  red  shales  lying  below  the  gold-bearing 
series  there  are  abundant  intrusions  of  igneous  rbck.  In  the  second 
valley  north  of  Auckland  Park  (see  fig.  5,  p.  421)  a  sheet  of  very 
fresh-looking  diorite,  with  the  crystals  of  hornblende  but  little 
decomposed,  pierces  the  beds,  sending  veins  into  both  the  quartzites 
and  the  shales ;  and  in  the  northernmost,  or  fourth,  ridge  of  quartzite, 
previously  described,  thin  sheets  and  small  veins  find  their  way 
along  the  joints  and  bedding-planes. 

I^eous  material,  but  of  a  totally  distinct  type,  occurs  locally  at 
the  surface  and  intrudes  into  the  conglomerates  and  other  beds  con- 
stituting the  hill  behind  Jeppe's  Township  (see  ^,  4,  p.  419).  The 
rook  is  a  quartz-amygdaloid  lava  of  an  intermediate  character,  con- 
taining porphyritic  crystals  of  a  dirty-white  felspar.  This  Tock  also 
fills  up  a  large  portion  of  the  valley  east  of  Doornfontein. 

Botii  these  types  of  igneous  rooks  very  strongly  resemble  in  their 
general  characters  the  dominant  igneous  material  of  the  Southern 
Transvaal.  They  are  but  littie  altered,  and  have  not  been  afiected 
by  the  movements  that  have  tilted,  shifted,  and  often  ground  up  the 
associated  strata. 

It  is  certain  therefore  that  the  upheaval,  dislocation,  and  folding 
of  the  Witwatersrandt  strata  occurred  before  the  grand  eruptions  or 
intrusions  of  igneous  rocks,  and  that  these  eruptions  and  intrusions 
took  place  at  least  at  two  distinct  periods.  It  seems  equally  certain 
that  it  was  not  the  granitic  base  which  moved,  but  that  the  over- 
lying rocks  were  thrust  over  an  underlying  and  much  older  crystal- 
line series. 


Digitized  by  VjOOQIC 


428  MR.  W.  GIBSOK  ON  THE  GBOLO0Y  07  THE  OOLD-BEAEIITO 


4.  Summary  of  Observations  and  Conclusions  respecting  the  Physical' 
Relationships  ofiJie  Gold-hearing  Conglomerates  and  Associated 
Bocks. 

The  facts  brought  forward  in  the  forgoing  account  of  the  more 
important  sections  within  the  limits  of  the  t3rpical  Witwatersrandt 
district  seem  to  the  writer  to  show  conclusively  (a)  that  the 
Witwatersrandt  strata  have  been  subjected  to  great  lateral  pressure 
acting  from  south  to  north  ;  that  (b)  they  have  been  locally  dislo- 
oated,  and  the  dislocated  masses  have  been  driven  forward  over  each 
other  along  more  or  less  oblique  thrust-planes.  The  crust-move' 
ments  have  not  only  induced  overfolding  and  overthrusting  to  such  an 
extent  as  in  many  cases  to  considerably  alter  the  original  relation- 
ship of  the  beds,  but  have  frequently  changed,  almost  completely,  the 
original  petrological  character  of  the  rocks. 

It  has  not  been  possible,  with  such  knowledge  as  the  writer  has 
been  able  to  obtain,  to  determine  with  certainty  the  true  geological 
succession  of  the  beds  of  the  district  as  a  whole.  So  far  as  we  are 
at  present  acquainted  with  the  facts  it  appears  possible  to  hold 
either  of  the  two  following  views  with  respect  to  the  sequence 
generally : — 

First,  that  the  observed  order  is  a  naturally  ascending  one,  but 
is  more  or  less  disguised  by  faidting,  folding,  and  thrust-movements. 
If  this  be  so,  and  if  further  we  assume  that  the  igneous  rocks  of 
the  Eagle's  Nest  repose  on  nearly  the  summit  of  the  conglomerate 
series,  and  that  the  quartzites  and  shales  overlying  the  schists  of 
the  Houghton  Estate  are  the  base,  we  have  presented  to  us  a  group 
of  strata  which,  trusting  only  to  the  apparent  dip,  would  seem  to 
be  at  least  three  miles  in  thickness.  Moreover,  this  apparent 
sequence  of  quartzites  and  shale,  quartzites  and  conglomerate,  sug- 
gests an  oscillating  but  gradually  shallowing  area  of  deposit.  In 
this  case  the  basal  conglomerates  of  the  series  may  lie  farther  to 
the  north,  and  have  yet  to  be  discovered. 

Second,  that  the  apparent  order  of  the  strata  of  the  district  is  the 
reverse  of  the  true  order.  The  quartzites,  shales,  and  conglomerates 
forming  the  Main  Eeef  Series  will  then  be  the  highest,  and  will 
represent  the  deep-water  deposits,  of  which  the  coarser  conglo- 
merates composing  the  southernmost  reefs  are  the  shallow- water 
equivalents. 

Which  of  these  views  is  the  nearer  to  the  actual  truth  remains  at 
present  an  open  question.  So  far,  however,  as  our  present  know- 
ledge goes,  the  conclusions  to  which  the  observations  of  the  writer 
within  the  typical  district  definitely  point  may  be  briefly  stated  as 
follows : — 

(1)  The  gold-bearing  conglomerates,  together  with  the  quartzite^» 
and  shales  of  the  Witwatersrandt,  form  one  definite  geological 
series ;  but  neither  the  base  nor  the  summit  of  this  series  can 
BB  yet  be  fixed. 
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(2)  This  series  is  certainly  much  newer  than  the  locally  eroded 

schists,  granites,  and  gneisses  which  now  underlie  it.  On 
the  other  hand,  the  gold-bearing  conglomerates  and  associated 
rocks  are  very  much  older  than  the  horizontal  coal-bearing 
beds  which  overlie  them  unconformably. 

(3)  The  occurrence  of  pebbles  of  red  sandstone  in  some  of  the  reefs 

shows  that  there  must  have  been  a  still  older  series  of  sand- 
stones from  which  these  pebbles  were  derived.  This  older 
sandstone  series  may  yet  be  discovered. 

(4)  The  entire  series  of  beds  associated  with  the  gold-bearing  con- 

glomerates has  been  (at  least  locally)  thrust  over  the  gneisses 
and  schists,  and  was  not  originally  deposited  in  its  present 
position. 

(5)  The  movements  to  which  the  beds  have  been  subjected  have 

taken  place  in  two  directions — ^the  more  intense  movement 
being  from  soiUh  to  north,  and  a  less  effective  one  from  east  to 
west.  The  result  of  these  two  movements  is  that  the  beds  now 
occupy  a  basin-shaped  area,  along  the  margins  of  which  the 
strata  have  everywhere  given  way ;  while  the  rocks  have  been 
crushed,  overthrust,  and  altered  locally  into  schists^  quartzites^ 
pseudo-quartzites,  and  gneisses. 

(6)  After  the  cessation  of  these  earth-movements  the  strata  were 
injected  with  igneous  material  of  basic  and  sub-basic  types ; 
and  much  of  the  country  was  flooded  with  lavas  of  the  same 
character.  The  presence  of  the  iron  pyrites,  so  abundant  in 
the  quartzites  and  conglomerates,  has  probably  some  con- 
nexion with  this  volcanic  outburst. 

(7)  The  conglomerates  seem  to  have  been  formed  mainly  at  the  ex- 

pense of  the  underlying  granites  and  schists,  which  may  have 
contained  numerous  veins  and  larger  masses  of  auriferous 
quartz. 

(8)  Some  of  the  newer  schist  in  the  conglomerate-bands  seems  cer- 

tainly due  to  metamorphism  arising  from  pressure  and  move- 
ment acting  since  the  conglomerates  were  deposited. 


in.    GEOLOGY  OF  DISTRICTS  OUTSIDE  THE  TYPICAL 
WITWATERSRAI^^DT  AREA. 

1.  The  Chimes  Mine  and  Eeidelherg  Districts. 

As  the  rocks  of  the  typical  area  have  been  described  somewhat 
fully,  the  strata  of  similar  age  met  with  in  other  parts  of  the 
Transvaal  will  be  treated  of  in  a  more  cursory  manner,  sufficient 
details  only  being  given  to  throw  light  npon  the  general  structure  of 
the  country. 

Although  the  geology  of  these  outlying  districts  looks  at  first 
sight  far  more  complex  than  that  of  the  Johannesburg  area,  their 
structure  is  really  much  simpler.  It  soon  becomes  evident  on  exa- 
mination that  the  strata  have  been  thrown  generaDy  into  shallow 
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folds,  and  afterwards  pierced  in  all  directions,  and  often  overflooded 
by  igneous  rocks. 

It  has  been  previously  mentioned  that  the  reefs  are  cut  off  to 
the  east  near  Boksburg  by  a  mass  of  diorite,  and  that  they  come  to 
the  surface  again,  about  four  miles  to  the  N.N.E.,  in  the  Chimes 
and  Van  Eyn  properties  (see  Map,  PI.  XI.).  A  true  conglomerate 
with  associated  quartzite  is  here  exposed,  the  strata  striking  nearly 
due  north  and  south,  and  dipping  to  the  west. 

The  conglomerate-beds  also  crop  out  about  15  miles  B.8.E.  of 
Boksburg,  and  are  worked  for  gold  in  the  Migel  and  adjoining 
properties.     In  the  Nigel  Mine  (see  fig.  7)  the  lowest  reef  is  under- 

Fig.  7. — Section  across  Nigel  and  Eomola  Oold-mines, 


[Length  of  section  about  2i  miles.] 
a.  Coal-bearing  beds.  i  c.  Slaty  shales. 


6.  Conglomerate-beds.  |  d.  Kigel  Reef. 

Between  the  points  xx  the  country  is  grass-covered. 

lain  by  red  shale,  about  60  feet  thick ;  while  the  bed  immediately 
above  this  reef  is  sandstone.  The  reef  has  an  average  thickness 
of  2  feet.  Traced  downwards  the  underlying  rock  approaches 
more  and  more  in  character  to  a  slate  or  schistose  rock,  whOe  the 
sandstone  above  it  changes  into  a  quartzit'O.  The  dip  is  30^  N. ;  the 
strike  due  east  and  west,  llie  dip  of  the  overlying  conglomerates 
gradually  decreases  northwards,  till  in  about  a  mile  they  become 
perfectly  horizontal.  Traced  westwards  the  strike  of  the  beds 
gradually  assumes  a  southerly  trend,  while  the  dip  is  eastward. 
In  the  Eemboro,  Lavers-I^igel,  and  other  properties  towards  the 
east,  the  Reef  series  changes  its  strike  to  a  northerly  one,  the  dip 
being  then  westward.  Evidently  the  strata  have  been  folded  to 
form  a  basin. 

In  the  eastern  portion  of  the  Nigel  Mine  and  in  the  adjoining 
properties  the  reef  is  very  thin.  In  the  Lavers-Nigel  a  shaft  sunk 
in  the  associated  shale  showed  that  this  becomes  intensely  hard  and 
schistose  lower  down,  the  usual  red  surface-colour  changing  to  blue. 
The  soft  nature  of  the  shale  at  the  surface  is  due  to  oxidation.  The 
banding  and  colouring  in  these  oxidized  shales  are  marvellous,  tints 
from  the  brightest  red  to  the  dingiest  brown,  with  deep  and  light 
blues  streaked  with  orange  and  gold,  predominating.  Some  of  the 
colours  may  justly  be  likened  to  the  doud-colourings  of  an  autumn 
sunset. 

The  reef  at  the  surface  is  in  all  cases  very  narrow ;  but  in  a 
shaft  sunk  quite  recently  on  the  Eemboro  property,  at  some  distance 
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from  the  outcrop,  the  reef  below  is  found  to  be  2  feet  thick.  Here, 
as  in  the  typical  area,  we  find  that  the  strata  have  suffered  con- 
siderable disturbance. 


Fig.  8. — Diagram-section,  east  of  Nigel  Mynpacht. 
W.  Pan. 


a.  Goal-bearing  beds. 
6.  Conglomerate-beds, 


d.  Bed  slaty  shales. 


About  2  miles  south  of  the  Nigel  Mine  a  reef,  underlain  by 
shale,  has  been  struck  in  the  Romola  and  Florida  Mines  ;  the  dip  is 
south.  The  intervening  ground  between  these  mines  and  the  Nigel 
is  thus  seen  to  be  occupied  by  strata  forming  the  summit  of  an 
anticline.  Unfortunately  there  are  no  exposures  to  be  found.  In 
the  section  (fig.  7,  p.  430)  it  is  made  to  appear  that  the  low  dip  can 
be  accounted  for  by  denudation  having  removed  the  larger  part  of  the 
anticline.  The  schistose  nature  of  the  rocks,  where  these  are  not 
decomposed,  shows  that  disturbance  has  taken  place.  The  ground 
between  the  Nigel  and  Bomola  Mines  is  occupied  by  a  valley,  north 
and  south  of  which  the  strata  gradually  flatten  out. 

Near  Heidelberg,  about  9  miles  S.S.W.  of  the  Nigel  Mine,  con- 
glomerates and  sandstone  crop  out,  forming  the  rocky  foundation 
upon  which  the  town  is  built.  The  same  beds  also  compose  the 
hills  lying  behind  it.  In  the  town  section  the  beds  are  almost 
horizontal,  but  westwards  the  dip  increases  to  an  average  of  about 
15"^.  On  the  eastern  side  of  the  town,  however,  immediately  after 
crossing  the  Bloesbok  Spruit,  the  strata  are  observed  to  have  a  very 
high  dip. 

A  little  farther  to  the  N.E.,  in  the  Marais-Nigel  Mine,  a  reef 
underlain  by  red  shale,  identical  with  that  in  the  Xigel  Mine,  dips 
at  an  angle  of  30°  W.  These  frequent  changes  of  dip  and  strike 
suggest  very  forcibly  to  the  mind  of  the  observer  the  fractured  and 
disturbed  state  of  the  country. 

The  sandstones  are  exposed  west  of  Heidelberg,  along  the 
Johannesburg  road,  for  about  2  miles,  when  they  are  covered  up 
by  a  quartz-amygdaloid  lava.  From  this  point  westwards,  all  up  the 
Klip  River  valley — and  how  much  farther  it  is  impossible  to  say, — 
the  whole  country  is  flooded  by  volcanic  rocks.  In  one  or  two 
places,  however,  as  in  the  Black  Reef  Mine,  the  quartzite-and- 
conglomerate  series  comes  to  the  surface  with  a  very  gentle  southerly 
dip.  The  writer  had  no  opportunity  of  examining  these  beds 
carefully. 

About  35  miles  south  of  Johannesburg,  on  the  Kimberley  road, 
some  high  hills  are  composed  of  quartzite,  dipping  to  the  south  at  a 
small  angle ;   but  volcanic  country  soon  comes  in,  and  the  strata 
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are  covered  up.  Farther  on  along  the  same  road — three  stages 
from  Potchefstroom — horizontal  olive  shales  and  some  sandy  beds 
are  exposed  on  the  roadside ;  they  are  probably  of  £aroo  age. 
Volcanic  country  again  prevails  as  far  as  Potchefstroom. 

On  the  banks  of  the  Vaal,  at  the  farm  called  Strykfontein  (see 
PI.  X.  fig,  1),  35  miles  south  of  Johannesburg,  thin  conglomerate- 
bands  and  quartzites  are  shown  dipping  northwards  at  a  low  angle; 
it  is  said  that  these  reefs  can  be  traced  as  far  as  Heidelberg. 
Following  the  banks  of  the  Vaal  in  the  direction  of  the  stream,  a 
thick  sheet  of  compact  undecomposed  basalt  soon  conceals  every- 
thing. 

2.  The  Vredefort  and  Potchefatroom  Districts. 

Crossing  the  Vaal  River  at  Vaal  Pont,  and  going  in  a  direction  a 
little  to  the  west  of  Heilbron,  we  find  gently  undulating,  grass- 
covered  prairie  land  extending  on  either  hand  as  far  as  Vredefort. 
Outcrops  are  very  rare ;  where  the  rock  is  seen  it  is  almost  invari- 
ably of  an  igneous  character.  But  in  one  spot,  about  6  miles 
from  Vaal  Pont,  in  a  S.S.W.  direction,  a  section  is  exposed  of  con- 
glomerates dipping  at  an  angle  of  a  few  degrees  to  the  west.  As  at 
Strykfontein,  however,  the  strata  are  soon  buried  beneath  igneous 
rocks.  West  of  Vredefort,  and  in  the  immediate  vicinity  of  the 
town,  gneisses,  schists,  granites,  and  gabbros  form  the  low  hum- 
mocky  ground,  and  large  blocks  of  these  crystalline  rocks  are  scat- 
tered about  the  town  and  its  neighbourhood.  Possibly  these  blocks 
may  be  erratics ;  but  it  is  much  more  probable  that  they  are  simply 
unweathered  fragments  of  the  underlying  rocks.  One  fact  bearing 
out  this  conclusion  is  that  after  travelling  for  about  4  miles  to 
the  west  of  Vredefort  the  ground  rapidly  rises  into  high  and  rugged 
hills,  which  are  found  to  consist  of  quartzites  and  conglomerates, 
dipping  at  a  very  high  angle  to  the  west.  This  looks  as  if  some 
disturbing  influence  had  acted  in  the  neighbourhood ;  and  from  what 
we  know  has  happened  on  the  Kandt,  as  well  as  from  other  evidence, 
it  seems  reasonable  to  believe  that  the  quartzites  have  been  pushed 
up  against  a  bank  of  crystalline  rocks.  So  far  as  the  writer  is  aware, 
there  is  no  evidence  of  glaciation  so  far  north  in  South  Africa. 

The  hills  just  mentioned  as  lying  west  of  Vredefort  present 
precipitous  slopes  and  bristling  hog-backed  summits ;  the  beds  of 
which  they  are  composed  are  admirably  displayed,  and  their  twists 
and  curves  are  easily  traceable  by  the  eye  for  several  miles  along 
the  strike,  which  is  roughly  north  and  south.  For  some  dist^mce 
westwards  the  dip  continues  to  average  nearly  90° ;  but  farther  on 
in  the  same  direction  it  is  slightly  less  and  to  the  west.  This  high 
dip  is  continued  as  far  as  Lindequisfontein,  a  distance  which  may 
be  roughly  estimated  as  10  miles.  Here  the  strata  again  form  high 
hills,  but  the  dip,  although  still  high,  is  now  to  the  east.  Up  to 
Lindequisfontein  the  beds  are  composed  of  red  shales  and  quartzites, 
with  here  and  there  a  thin  conglomerate-band.  The  whole  series  is 
identical  with  the  Quartzite-and-Shale  Group  lying  beneath  the 
Main  Ecef. 
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To  the  west  of  lindequisfontein  the  strata  consist  of  quartzites 
and  thick  conglomerates,  the  latter  being  poorly  auriferoas,  and 
some  of  them  being  immediately  underlain  by  a  thin  shale ;  these 
conglomerates  and  quartzites  strike  across  the  Yaal  River  near 
Schoeman  8  Drift ;  but  they  soon  become  covered  up  westwards  by 
igneous  rocks  of  a  basic  type.  The  series  comes  to  the  surface 
again  a  few  miles  west  of  Potchefstroom,  and  both  easterly  and 
westerly  dips  are  frequent,  showing  that  the  beds  are  thrown  into 
small  folds.  The  country  is  again  very  much  flooded  with  igneous 
rooks  until  the  Buffelsdoorn  Estate  is  reached,  when  quartzites  and 
thin  conglomerates  with  red  shales  come  in,  dipping  at  about  45°  E. 

The  diagram-section  (PI.  X.  fig,  3)  shows  the  probable  structure 
of  the  country  from  Vredefort  to  Buffelsdoorn.  That  it  is  very 
much  faulted  and  folded  is  unquestionable ;  but  the  actual  details  of 
the  movements  and  disturbances  can  only  be  surmised. 

3.  The  Klerksdorp  and  Kroonstad  Districts. 

South  of  Buffelsdoorn  the  country  is  again  flooded  with  igneous 
rocks ;  but  about  9  miles  to  the  S.S.W.  the  conglomerate  series 
comes  to  the  surface  around  the  town  of  Klerksdorp.  The  diagram- 
section  (PI.  X.  fig.  2)  will  afford  a  rough  idea  of  the  disposition  of 
the  rocks  here  exposed.     The  folding  of  the  beds  is  unmistakable. 

From  Klerksdorp  the  conglomerates  are  seen  to  strike  across 
the  Yaal  in  a  6.S.E.  direction ;  but  they  are  soon  buried  beneath 
horizontal  white  sandstones  and  coal-beds. 

Exposures  of  conglomerates  are  found  on  the  farms  Damspruit, 
Er-is-geluk,  and  Welt-de-vreden,  about  18  miles  west  of  Xroonstad. 
The  conglomerates  are  associated  with  yellow  sandstones ;  they  are 
said  to  be  slightly  auriferous,  though  from  a  few  *  pannings '  made 
by  the  writer  no  gold  was  obtained.  The  strata  are  thrown  into  a 
series  of  very  sharp  folds;  but  few  outcrops  are  visible,  and  the 
beds  are  covered  up  on  the  west  by  igneous  rocks  and  on  the  east 
by  Coal-measures. 

The  same  conglomerates,  associated  with  similar  yellowish  sand- 
stonesy  are  exposed  on  the  roadside,  about  6  miles  south  of '  Kopje- 
Alleen.'  The  pebbles  in  these  conglomerates  are  sometimes  very 
large. 

That  the  conglomerates  around  Xlerksdorp  are  portions  of  the 
Witwatersrandt  series  the  writer  has  no  doubt,  as  the  beds  occur  in 
the  same  order,  and  are  associated  with  strata  of  the  same  kind. 
With  reference  to  the  conglomerates  west  of  Xroonstad  there  is  no 
proof  of  age,  and  they  may  possibly  belong  to  a  newer  series  than 
the  Witwatersrandt  beds.  From  a  consideration  of  the  facts, 
however,  especially  that  the  conglomerates  seem  identical  in  com- 
position with  some  of  those  of  the  Witwatersrandt,  and  that  the 
beds  near  Xlerksdorp  strike  across  the  Yaal  Eiver  towards  Xroonstad, 
it  seems  far  more  likely  that  they  belong  to  the  same  series. 
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4.  The  Igneous  Rocks  of  the  Southern  Transvaal. 

The  description  of  the  igneous  rocks  of  the  Transvaal  generally  is 
outside  the  object  of  the  present  paper.  Those  intimately  connected 
with  the  Main  Beef  Series  have  already  been  discussed.  The 
amount  of  volcanic  activity  displayed  is  enormous ;  the  wliole  of  tiie 
stratified  country  seems  to  be  floating  in  igneous  rocks,  the  chief 
varieties  of  which  are  dolerites,  diorites,  quartz-amygdaloid  lavas^ 
and  basalts. 

In  Dunn's  map  of  South  Africa  (2nd  ed.  1887)  these  igneous 
rocks  are  represented  as  one  vast  sheet.  Mr.  Penning,  in  Quart. 
Journ.  Geol.  Soc.  vol.  xlvii.  (1891)  p.  451,  represents  the  dolerite 
as  contemporaneous  and  interstratifled  with  the  Witwatersrandt 
beds.  Now  the  types  of  igneous  rock  in  the  Transvaal  are  similar  to 
those  that  pierce  the  Karoo  Beds  of  the  Orange  Free  State.  Moreover, 
the  oldest  sedimentary  beds  of  the  Transvaal  are  greatly  altered, 
while  the  igneous  rocks,  where  not  weathered,  are  as  fresh-looking 
as  if  they  had  cooled  but  yesterday.  The  volcanic  rocks  of  the  Gats 
Kandt  are  not,  in  the  writer's  opinion,  interstratifled,  but  appear  to 
have  come  up  an  east-and-west  Assure,  and  overflowed  the  Wit- 
watersrandt beds  at  the  time  when  the  main  movement  and  faulting 
of  the  country  took  place. 

So  far  as  the  writer's  observations  enable  him  to  judge,  the 
igneous  rocks  of  the  Southern  Transvaal  are  much  posterior  in  date 
to  the  formation  of  the  Witwatersrandt  beds.  But  whether  the 
eruption  of  igneous  material  took  place  before  or  after  the  depo- 
sition of  the  Karoo  Beds,  or  was  contemporaneous  with  the  laying 
down  of  the  Upper  Karoo  Series,  is  uncertain.  If  similarity  of 
type  is  of  value  in  correlation,  then,  as  previously  mentioned,  these 
igneous  rocks  are  very  probably  of  the  same  age  as  those  of  the  Orange 
Free  State,  which  certainly  appear  to  be  of  Upper  Karoo  (Stormberg) 
age. 

6.  Summary  of  Conclusions  respecting  the  Relation  of  the  Strata  of 
the  Neighbouring  Areas  to  those  of  the  Witwatersrandt  Series, 

(a)  Our  examination  of  the  beds  in  the  districts  lying  more  or  less 
immediately  outside  the  Witwatersrandt  area  thus  shows  them  to  be 
thrown  into  numerous  folds,  which  vary  greatly  in  intensity. 
Sometimes  the  beds  form  shallow  basins  (as  in  the  Nigel  Mine 
district),  but  more  often  the  strata  are  bent  into  sharp  anticlines 
and  S3niclines,  the  axes  of  which  run  either  north  and  south  or 
east  and  west.  On  the  whole  the  beds  are  of  a  similar  lithological 
character  throughout  the  Southern  Transvaal,  being  composed  of 
sandstones,  shales,  and  thin  conglomerates,  variously  arranged,  and 
more  or  less  locally  altered  into  quartzites  and  schists. 

{b)  The  direct  local  superposition  of  the  conglomerates  on  shales 
shows  that  the  beds  were  either  laid  down  by  currents  varying 
greatly  in  strength,  or  that  they  were  deposited  in  areas  undeigoing 
rapid  changes  of  level. 
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(e)  The  subsequent  outpouring  of  igneous  rocks  has  been  enormous. 
This  extrusion  was  certainly  later  in  date  than  the  deposition  of 
the  conglomerate  series,  and  may  possibly  be  posterior  to  that  at 
which  the  faulting  and  crumpling  of  the  strata  took  place. 

(d)  The  apparent  base  of  the  sedimentary  series,  where  seen  (as 
at  Yredefort),  clearly  overlies  granites,  gneisses,  and  gabbros  ;  but 
the  sedimentary  beds  dip  towards  the  crystalline  rocks,  often  at  high 
angles. 

(«)  Most  of  the  conglomerates  are  more  or  less  auriferous,  though 
there  are  notable  exceptions. 

(/)  The  coal-bearing  strata  overlying  the  Witwatersrandt  series 
rest  unoonformably  upon  the  eroded  edges  of  all  the  beds  below,  and 
are  the  newest  stratified  rocks  of  the  district. 

[The  present  paper  deals  essentially  with  the  facts  bearing  upon  the  strati- 
graphy of  the  Southern  TransTaaL  It  was  the  Author's  intention  in  a  second 
paper  to  giTe  a  detailed  account  of  the  lithology  of  the  gold-bearing  conglo- 
merates, and  to  describe  in  this  connexion  yarious  microscopic  slides  which  he 
had  caused  to  be  prepared,  lind  also  to  discuss  the  mode  in  which  the  gold  occurs 
and  the  question  of  its  origin.    Before,  howerer,  be  was  able  to  complete  this 

girt  of  his  work,  Mr.  Gibson  had  to  leaye  England  for  Equatorial  East  Africa, 
is  second  paper  is  therefore  necessarily  deferred.] 

EXPLANATION  OF  THB  PLATES. 

Platb  X. 

Diagram-sections  across  the  Gold-bearing  beds  of  the  Southern  Transvaal 

Plate  XI. 

Geological  Sketch-map  of  the  Witwatersrandt  Gold-fields. 

Biscussioiir. 

The  P&BSiUENT  hoped  that  many  papers  similar  to  that  just  read 
would  be  offered  to  the  Society,  now  that  so  many  of  its  members 
were  scattered  over  the  world.  Dr.  Ezton,  who  had  sent  specimens 
which  were  exhibited  on  the  table,  had  noted  the  difficulty  of 
accounting  for  the  gold  in  the  conglomerates.  He  (the  President) 
had  not  exactly  understood,  from  the  reading  of  the  paper,  how  the 
Author  accounted  for  the  mode  of  occurrence  of  this  gold,  further 
than  that  it  was  derived  from  the  auriferous  quartz-veins  in  the 
gneissose  rocks,  and  he  would  be  glad  to  hear  the  views  of  those 
who  had  made  a  special  study  of  the  distribution  of  gold. 

Prof.  Gbesn  pointed  out  the  difficulty,  in  the  present  state  of  our 
knowledge,  of  correlating  the  beds  described  in  the  paper  with  the 
beds  older  than  the  coal-bearing  rocks  of  Cape  Colony.  He  thought 
that  the  intrusive  masses  of  dolerite  might  belong  to  the  same  com- 
plex of  dykes  and  sheet.s  which  form  so  marked  a  feature  in  the 
country  to  the  south.  He  hazarded  the  opinion  that  the  conglome* 
rates  were  old  alluvial  gold-bearing  deposits,  and  maintained  that 
the  mode  in  which  the  gold  occurred  was  compatible  with  this  view. 

Mr.  Attwood  said  he  had  not  visited  the  Witwatersrandt  gold 
district,  so  he  found  it  a  difficult  matter  to  say  much  about  thef 
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.paper  which  had  just  been  read ;  but  as  he  had  inspected  many  gold- 
lields  in  California,  South  America,  and  in  dififerent  parts  of  the 
world,  and  obtained  a  practical  knowledge  of  their  surroundings,  it 
appeared  to  him  evident  that  the  district  now  described  by  Mr. 
Gibson  bore  no  resemblance,  geologically  speaking,  to  anything 
hitherto  discovered,  and  therefore  it  was  one  of  especial  interest. 
The  speaker  did  not  think  that  the  gold  in  the  quartzites  and  conglo- 
merates could  be  called  alluvial  gold,  because  from  all  the  information 
he  had  on  the  subject  the  gold  was  found  in  a  state  of  fine  division, 
whilst  in  all  true  alluvial  deposits  the  gold  was  found  in  various  forms 
and  sizes,  varying  from  lumps  of  many  pounds  in  weight  to  the 
£nest  dust.  The  only  case  which  had  come  under  his  notice  of  metals 
being  found  in  conglomerates  (ancient  river-beds  being  excepted) 
was  that  of  the  copper  mines  on  the  southern  shore  of  Lake  Superior, 
in  Michigan,  U.S.A.  There  the  copper  was  found  in  a  metallic  state, 
sometimes  in  very  fine  dust  and  grains,  and  often  in  masses  weigh- 
ing many  tons.  It  was  most  likely  that  the  gold  had  been  deposited 
in  the  quartzites  and  conglomerates,  and  was  not  derived  from  allu- 
vial sources,  as  some  would  suppose. 

Mr.  ToFLEY  remarked  that  the  Banket  deposits  of  the  Gold  Coast 
seemed  to  contain  gold  introduced  into  the  conglomerate  at  the  time 
of  its  formation  ;  whibt  in  the  Witwatersrandt  area  the  gold  had 
frequently  been  deposited  around  the  pebbles  after  the  formation  of 
the  conglomerate. 

Mr.  Alford  remarked  that  the  paper  dealt  only  with  the  gold- 
bearing  deposits  of  the  Witwatersrandt,  and  that  nothing  had  been 
said  about  the  very  important  series  of  auriferous  rocks  of  the  £ar- 
berton  district,  which  were  of  an  entirely  different  nature.  The 
coal-bearing  sandstones  were  by  no  means  small  deposits,  as  they 
occurred  over  an  area  of  about  1000  square  miles,  and,  although 
the  coal-beds  had  not  been  proved  throughout,  there  were  strong 
indications  of  their  existence.  The  coal-seam  at  Brakpan  Colliery 
was  21  feet  in  thickness,  and  the  output  of  coal  at  that  colliery 
exceeded  13,000  tons  per  month.  The  outcrops  of  the  conglomerate- 
reefs,  though  in  places  faulted  a  few  feet,  were  traceable  east  and 
west  of  Johannesburg  for  a  total  distance  of  nearly  40  miles.  They 
were  by  no  means  regular  in  gold-bearing  value,  which  appeared 
generally  to  be  greater  where  the  beds  had  a  high  angle  of  dip  and 
in  the  proximity  of  the  intrusive  igneous  rocks.  He  did  not  con- 
sider the  thickness  of  the  quartzite-and-con glomerate  series  to 
be  very  great,  but  thought  that  the  general  break-up  of  the  strata 
by  the  igneous  intrusions  had  brought  portions  of  the  same  beds  re- 
peatedly to  the  surface ;  and  he  entirely  concurred  with  Prof.  Green 
in  his  description  of  the  multitude  of  trap  dykes  in  the  Orange  Free 
State,  which  also  agreed  with  many  parts  of  the  Transvaal.  The 
origin  of  the  gold  in  these  conglomerate-beds  was  a  most  interesting, 
but  at  the  same  time  a  most  intricate  subject.  The  gold  occurred  in 
the  matrix  of  the  conglomerate,  and  seldom  in  the  quartz-pebbles. 
On  taking  a  pebble  from  its  resting-place  in  the  conglomerate,  both 
the  surface  of  the  pebble  and  also  that  of  the  cavity  from  whence  it 
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came  were  often  to  be  seen  covered  with  minute  crystals  of  gold,  and 
in  the  pyrites  it  occurred  in  small  plates  on  the  cleavage-planes.  The 
gold  might  have  been  in  the  form  of  alluvial  gold  in  the  gravel-deposits 
from  which  the  conglomerates  were  formed,  then  dissolved,  and  re- 
deposited  in  its  present  condition  ;  but  its  primary  origin  had  still  to 
be  accounted  for.  The  fissure- veins  in  the  granite,  worked  for  copper 
and  silver  at  the  Albert  and  other  mines,  had  not  been  found  hitherto 
to  carry  gold  in  any  considerable  quantity.  The  gold  must  at  one 
time  have  been  either  created  or  evolved  from  something  else :  could 
that  not  as  well  have  happened  in  its  present  position  as  elsewhere  ? 

Prof.  Lapworth  noted  that  the  Author  had  had  unlimited  oppor- 
tunities of  doing  work  in  the  district  described.  Before  he  went  out 
it  was  believed  that  the  district  was  a  simple  basin,  the  reefs  mar- 
gining the  basin.  The  Author  came  to  the  conclusion  that,  whilst 
it  was  just  possible  that  it  was  really  a  simple  basin,  it  was  far 
more  probable  that  there  had  been  overthrusting  and  shearing  along 
the  edges  of  the  baain,  and  possibly  great  repetition  in  its  interior ; 
80  that  these  gold-bearing  rocks  might  quite  well  be  found  eventually 
within  the  basin  itself.  The  Author  certainly  believed  that  the 
beds  were  repeated  again  and  again,  and  need  be  of  no  great 
thickness.  He  knew  that  the  Author  had  avoided  giving  any 
definite  idea  in  the  paper  as  to  the  source  of  the  gold,  as  he  proposed 
to  treat  of  this  subject  in  a  separate  memoir. 

Mr.  TsALL  also  spoke. 
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28.  On  the  Lithophtbbs  tn  the  OssiDiAir  of  ihe  Rogche  Bosbb, 
LiPABi.  By  Prof.  Gbesyillb  A.  J.  Coib,  P.GJS.,  and  Gbbasd 
W.  BuTLBB,  Esq.,  BJL,  F.G.S.    (Bead  May  11th,  18920 

[Plate  XII.] 

The  Rocohe  Bosse  lava-stream,  partly  filling  the  pumice  crater 
of  Monte  Pelato,  Lipari,  and  breaching  it  on  the  north-eastern  side, 
ifBB  deseribed  hy  ProL  Judd  ^  in  1875.  As  recorded  by  liiai  «&d 
by  Cortese  ^  we  find  in  this  locality  all  varieties  of  obsidian  lava, 
from  compact  black  glass  to  the  pnmioe  of  commerce,  or  even  a 
honeycombed  material  passing  into  *  thread-lace  scoria.'  A  person 
who,  arriving  at  the  south-western  or  landward  side  of  the  crater, 
begins  walking  over  the  hummocky  surface  of  the  Booche  Bosse 
along  the  centre  of  that  part  which  lies  within  the  crater,  cannot 
fail  to  be  struck  by  the  fact,  emphasized  by  Cortese,  that  much  of 
the  lava  here,  as  at  the  Forgia  Vecchia,  has  a  texture  intermediate 
between  that  of  pumice  and  compact  glass.  In  fact,  he  might  walk 
along  the  middle  of  perhaps  the  first  third  of  the  Bocche  Bosse 
without  finding  anything  that  he  would  call  obsidian.  However, 
if  he  turn  to  the  right  and  make  his  way  towards  the  southern 
margin  of  the  lava,  he  will  find  portions  of  it  in  which  black  glass 
predominates. 

Prom  one  of  the  numerous  outstanding  hummocks  of  this  part 
of  the  Bocche  Bosse  were  obtained  the  specimens  of  black  glass 
with  vesicles,  lifchophyses,  and  spherulites,  which  have  led  to  the 
writing  of  this  paper,  and  from  which  the  sections  figured  in 
Plate  Xll.  have  been  taken.  It  must  not  be  supposed,  however, 
that  the  rock  here  differed  in  any  essential  from  the  lithophyse- 
bearing  obsidian  found  elsewhere  in  this  locality ;  or  from  the 
similar  lava  at  the  Forgia  Vecchia  described  by  Messrs.  Iddings 
and  Penfield' ;  or  from  the  obsidian  on  the  northern  flank  of  Yulcano. 
But  the  specimens  taken  from  this  exposed  hummock  show  in  a 
specially  striking  manner  the  passage,  through  various  stages  of 
lithophysal  structure,  from  indisputable  steam-vesicles  with  glassy 
wtdls  to  the  typical  solid  spherulites  of  these  Lipari  obsidians. 

Messrs.  Iddings  and  Penfield  have  described  the  characteristic 
Btnictures  in  the  obsidian  of  the  Forgia  Vecchia  as  'hollow 
spherulites '  and  '  lithophysfe.'  The  following  examination  of  the 
structures  displayed  by  the  Bocche  Bosse  mass  will  show  that  we 
are  dealing  with  a  mode  of  devitrification  which  is  certainly  litho- 
physal in  character,  in  so  far  as  it  depends  upon  the  liberation  of 

*■  'Oontributions  to  the  Stady  of  Yoleanos,'  Geol.  Mag.  for  1875,  p.  66. 
See  aUo  JohnBton-Lariii,  Proc.  Geol.  Absoc.  vol.  xi.  p.  d94,  and  '  The  South 
Italian  Volcanoes '  (1891). 

»  BolL  R.  Comit  geol.  d*  Italia,  toI.  xii.  (1881)  p.  612. 

•  *  Fayalite  in  the  Obsidian  of  Lipari,'  Amer.  Journ.  ScL  voL  xL  (189D) 
p.  75. 
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steam  ;  but  that  it  is  associated  in  a  most  interesting  manner  with 
normal  sphemlitic  growths.  Mr.  Iddings  ^  has  himself  remarked 
that  "  the  essential  character  of  sphemlitic  growths  is  the  crystal- 
lization of  minerals  from  one  or  more  points  with  a  radiating 
or  diverging  arrangement."  Sphemlitic  growths  of  this  accepted 
type  undoubtedly  occur  in  the  Lipari  obsidians  round  about  and 
within  the  hollows  that  are  visible  to  the  naked  eye.  But,  in 
additaon  to  this  divergent  type  of  crystallization,  convergent  groups 
of  crystallites  have  grown  inwaids  from  the  snzfaces  towards  the 
centres  of  the  hollows. 

In  the  obsidian  of  the  Bocche  Bosse,  the  internal  surface  of  the 
steam-vesicles  is  often  seen  to  be  dusted  over,  as  it  were,  with 
minute  white  aggregates ;  where  the  glass  is  less  vesicular,  these 
white  growths  are  dense  enough  to  completely  line  the  cavity,  and 
conical  projections  of  the  same  materials  are  seen  to  run  in  towards 
the  centre,  usually  terminating  in  a  spheroid  of  rough  exterior. 
These  knotty  growths  may  be  so  far  developed  as  to  bridge  across 
the  cavity ;  and,  in  practically  all  the  cases  where  the  vesicle  is 
less  than  1*5  mm.  in  diameter,  porcellanous  or  clearer  materials 
nearly  or  completely  fill  it.  This  process  of  infilling  has  been 
accompanied  by  the  formation  of  crystalline  zones  in  the  glass 
around  the  vesicles  ;  the  outermost  of  these  is  dull  grey  and  por- 
cellanous, and  it  is  often  succeeded  by  a  thin  white  zone,  within 
which  is  a  distinctly  fibrous  layer.  This  growth  external  to  the 
original  vesicle,  together  with  the  internal  stmctures,  builds  up 
lithophyses  which  may  closely  simulate  normal  solid  sphemlites. 

In  microscopic  sections  the  whole  series  of  stmctures  becomes 
beautifully  displayed.  We  have  first  the  vesicles  of  an  almost 
pumiceous  glass,  breaking  into  one  another,  deformed,  elongated, 
and  without  relation  to  products  of  crystallization  beyond  the  fact 
that  they  thrust  aside  the  abundant  microlites  that  mark  the  lines 
of  flow  (PI.  XII.  fig.  1).  Then  we  find  cases,  in  close  proximity 
to  the  foregoing,  where  brown  sphemlitic  aggregates  have  begun 
to  form  in  the  glass  around  the  vesicle,  producing  for  the  most 
part  hemispherical  forms,  their  bases  against  the  wall  of  the  cavity, 
their  convex  surfaces  directed  towards  the  surrounding  glass. 
Th^se,  as  viewed  with  crossed  nicols,  are  true  sphemlitic  aggregates, 
dependent  upon  successive  development  of  crystallites  in  the 
glass,  growth  thus  taking  place  at  their  convex  surfaces.  Very 
often  they  become  continuous  around  the  vesicle,  and  form  the  dull 
zone,  bluish-grey  by  reflected  light,  which  is  visible  in  the  rock 
with  the  lens  or  with  the  unaided  eye  (PI.  XII.  fig.  1).  In  this 
brown  zone,  conical  or,  rather,  mushroom-shaped  fibrous  structures 
have  developed,  the  stalk  of  the  ^  mushroom '  projecting  into  the 
cavity  of  the  vesicle.  A  colourless  zone  of  crystallites,  radially 
arranged,  separates  the  surface  of  the  '  mushroom '  from  the 
ordinary  brown  aggregation  round  it  (PI.  XII.  figs.  2  &  3).    A 

1  'Spherulitio  Crystallisation,'  Bull.  Phil.  Soo.  Washington,  yol.  zi.  (1891) 
p.  462. 
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structure  of  this  kind  has  been  figured  in  Mr.  Iddings's  admirable 
paper  on  *  Obsidian  Cliff,  Yellowstone  National  Park.'  ^ 

In  some  of  the  vesicles  nearest  to  the  surface  of  the  lava,  the 
brown  zone  is  absent,  but  small  cones  of  dear  or  dusky  crystalline 
fibres  have  arisen,  their  apices  projecting  into  the  cavity,  while  their 
bases  are  sunk  in  the  wall.  Where  the  development  of  rod-like 
crystallites,  such  as  form  these  cones,  has  taken  place  with  anything 
like  regularity,  a  fibrous  fringe  is  seen  all  round  the  vesicle,  the  grow- 
ing points  of  the  fibres  being  directed  inwards.  But  that  a  great 
part  of  this  fibrous  zone^  as  also  of  the  cones^  originates  in  the  glass^ 
spreading  outwards  as  well  as  inwards^  is  shown  by  the  feet  that 
the  lines  of  crystallites,  arranged  by  flow,  pass  continuously  from 
the  matrix,  through  the  brown  layer,  into  the  dusky  fibrous  material 
(PI.  XII.  figs.  2  &  3). 

In  the  smallest  examples,  the  fibres  from  opposite  sides  of  the 
vesicle  may  meet  in  the  centre,  and  a  '  spherulite '  results,  which, 
but  for  the  occurrence  of  intermediate  stages,  might  be  supposed  to 
have  originated  entirely  in  divergent  outgrowth.  Thus  there  are 
spherulites  in  one  of  our  sections  that  might  have  arisen  in  a  noimal 
manner ;  but  doubt  is  thrown  upon  their  character  by  the  enormous 
preponderance  of  lithophysal  forms. 

In  the  larger  examples,  the  irregularity  and  partial  character  of 
the  growth  at  the  centre  usually  suggest  that  they  have  resulted  from 
the  infilling  of  a  vesicle.  In  the  case  of  one  or  more  of  the  conical 
aggregates,  the  '  stalk '  grows  out  distinctly  into  the  cavity,  not  by 
its  fibres  becoming  sensibly  parallel,  but  by  the  deposition  of  new 
fibres,  originating  at  the  point  of  convergence  of  the  older  ones  and 
thence  radiating  outwards,  often  from  more  than  one  centre  (PL  XII. 
fig.  3).  These  additions,  if  continued,  produce  the  spheroidal 
aggregates  visible  to  the  naked  eye,  and  often  result  in  actual 
bridging  of  the  cavity  (PI.  XII.  ^g,  4).  At  points  along  the 
'  bridge '  further  spherulitic  deposition  may  take  place ;  fibrous 
crystals  of  felspar,  giving  clear  low  colours  between  crossed  nicols, 
may  spring  across  to  the  adjacent  walls  (PL  XII.  ^g.  5);  and 
finally  even  a  vesicle  2  mm.  in  diameter  may  become  completely 
infilled  by  spherulitic  matter  radiating  from  various  centres  within 
it.  Frequently  two  vesicles  have  opened  into  one  another,  leaving 
a  partition  of  glass  projecting  from  opposite  sides  into  the  common 
cavity  ;  and  this  breached  partition  serves  as  the  foundation  for  a 
crystalline  *  bridge'  across  the  cavity.  At  the  Porgia  Yeochia, 
spherulitic  deposition,  in  a  host  of  instances,  has  gone  on  so  far 
as  to  obscure  the  lithophysal  features.  The  prevailing  type  of 
*  spherulite,'  indeed,  both  in  Lipari  and  Vulcano,  shows  in  section 
a  dut«ky  fibrous  central  area,  which  may  possess  concentric  as  well 
as  radial  structure  ;  outside  this  is  a  thin,  colourless,  but  crystalline 
zone,  followed  finally  by  a  brown  cloudy  zone,  irregular  and  of  very 
variable  width.  Our  studies  lead  us  to  the  conclusion  that  this 
type  of  '  spherulite '  owes  its  characters  to  the  dual  mode  of  growth 

*  Seventh  Annual  Report  U.  S.  GeoL  Survey,  pi.  xviiu  fig.  8,  p.  277. 
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'wbich  we  have  described,  and  thus  to  the  original  presence  of  vesicles 
ia  the  rook. 

Commonly,  however,  the  process  of  infilling  does  not  go  so  far  as 
this.  On  the  ends  of  the  delicate  branching  fibres  of  felspar,  plates 
of  tridymit^  are  deposited  ;  and  this  seems  to  dose  the  growth  of 
the  'stalk'  or  of  the  'bridge'  (PI.  XII.  figs.  3  &  4).  The  angles  and 
edges  of  the  tridymite  crystals  impart  a  serrated  and  toothed 
character  to  the  spheroids  within  the  vesicles,  as  is  seen  when  the 
rock  is  viewed  with  an  ordinary  lens. 

That  the  lithophysal  structure  in  the  Lipari  obsidians  was 
developed  daring  the  cooling  of  the  mass,  and  not  by  subsequent 
amygdaloidal  infilling  of  vesicles,  is  clear  from  the  formation  of  the 
compact  sphemlitic  zone  in  the  glass  itself,  and  from  the  rooting 
of  the  clearer  fibres  also  in  the  glass,  not  merely  upon  the  walls  of 
the  cavities.  We  conceive  that  in  highly  siliceous  lavas  the  liberation 
of  water,  on  relief  from  pressure,  renders  the  mass  rapidly  more 
viscid.  The  heated  vapour  is  liable  to  be  retained  after  it  has 
expanded,  and  even  to  become  superheated  as  fluctuations  of 
temperature  travel  through  the  mass.  That  solidified  portions  of 
the  Bocche  Eosse  lava  have  thus  become  reheated  has  been  shown 
in  a  previous  paper.^  While  Mr.  Iddings'  has  suggested  that 
crystallization  occurs  in  regions  of  greatest  hydration  of  the  glass, 
the  water  being  liberated  and  forming  vesicles  during  the  develop- 
ment of  the  crystals,  we  should  be  inclined  to  regard  the  loss  of 
water  on  relief  from  pressure  as  in  itself  an  important  factor  in 
consolidation.  Where  the  water  has  escaped  freely,  we  have  the 
pumice  or  the  occasional  vesicular  layers.  If  the  bubbles  are  very 
numerous,  they  open  into  one  another,  the  extreme  result  of  such 
confluent  vesicles  being  the  '  thread-lace  scoria '  of  Prof.  Dana.' 
If  the  vapours  escape  thus  completely  from  the  lava,  their  action 
upon  the  rapidly  cooling  and  often  filamentous  glass  around  them 
is  very  transient  or  absolutely  inappreciable. 

Where,  however,  the  vapours  are  confined,  they  may  be  kept  at  a 
high  temperature  for  a  considerable  time,  the  vesicles  being  farther 
apart,  and  each  becoming  a  sphere  of  hj-drothermal  action.  If  the 
surrounding  glass  remains  at  a  temperature  little  below  its  fusion- 
point,  crystallization  will  be  promoted  in  it ;  and  at  the  same  time 
the  hydrothermal  attack  of  the  vapour  in  the  vesicle  will  produce 
reactions  upon  its  walls. 

Thus  we  conceive  the  zones  formed  around  the  vesicles  to  result 
from  the  crystallization  of  the  constituents  of  glass  that  has  been 
kept  at  a  high  temperature ;  and  much  interstitial  glass  remains  in 
the  outermost  porcellanous  region.  The  vapour,  however,  attacks 
and  etches  the  walls  of  the  cavity,  like  steam  in  an  ordinary  glass 

^  G.  A.  J.  Cole/  Deritrificatioii  of  cracked  and  breodated  Obsidian/  Mineralog. 
Mag.  vol.  ix.  (1891)  p.  272. 

*  *  Spherulitio  Or^Btallization/  Bull.  Phil.  Soc.  Waahington,  toI.  ix.  p.  447 ; 
•  Nature  and  Origin  of  Lithopbytue/  Aroer.  Journ.  Sci.  vol  xxxiii.  (1887) 
p.  4'i.    Also  Seventh  Ann.  Report  U.  S.  GeoL  Survey,  p.  285. 

'  '  Characteristics  of  Volcanoes/  p.  164. 
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tube  ;  evidence  of  this  etching  may  be  seen  in  the  moat-like  depres- 
sions around  the  bases  of  many  of  the  cones  or  *  mushrooms/ 
Conical  groups  of  fibres  become  thus  deposited,  projecting  into  the 
cavity  in  continuity  with  those  already  developed  in  the  walls.  In 
the  same  manner,  the  divergent  groups  of  fibres  are  deposited  on 
the  ends  of  the  cones  and  on  the  '  bridges.'  Considering  how  the 
whole  mass  of  a  lava  is  permeated  by  fluids,  materials  may  be 
brought,  even  from  some  distance,  into  the  local  sphere  of  hydro- 
thermal  action.  Tridymite  finally  arises,  and  even  the  fayalite 
described  by  Messrs.  Iddings  and  Penfield.^ 

Lastly,  the  possible  intrusion  of  glass  by  pressure  from  without, 
as  in  the  Yellowstone  Park '  and  the  Tynemouth  Dyke,'  must  not 
be  lost  sight  of  in  seeking  the  source  of  the  materials  in  the  vesicles. 
Such  intruded  glass  would  rapidly  become  attacked,  if  the  vapour 
were  still  present  in  the  cavity,  and  would  quickly  help  in  the 
infilling. 

The  following  experiments  show  the  differences  between  the 
materials  in  and  around  the  lithophyses,  and  help  to  strengthen  the 
above  suggestions. 

(i)  The  black  obsidian  contains  sufficient  water  to  allow  of  its 
fusion  at  about  4  of  Von  Kobell's  scale ;  it  froths  up  during  fusion 
into  a  pumice  or  thread -lace  scoria.' 

(ii)  The  outermost  porcellanous  zone  of  the  lithophyses  behaves 
similarly,  becoming  transparent  just  before  fusion,  probably  by 
reabsorption  of  its  globulitic  matter ;  when  again  cool,  it  remains 
transparent. 

(iii)  A  compact  grey  rock  from  the  Forgia  Veochia,  appearing 
brown  in  section,  and  composed  of  densely-set  spherulites,  resem- 
bling the  material  of  the  porcellanous  zone  at  the  Rocche  Rosse,  also 
froths  up  as  if  it  were  a  simple  obsidian. 

(iv)  But  the  compact  blue-grey  spherulitic  growths  formed  in  the 
centre  of  the  lithophyses  of  Lipari  are  only  fusible  at  a  temperature 
as  high  as  that  required  for  ortJioclase,  though  at  last  they  intnmesce 
like  the  obsidian. 

(v)  The  fibrous  white  rays,  partly  projecting  into  the  cavities, 
also  fuse  at  about  5  of  Yon  Xobell's  scale. 

The  fact  that  empty  vesicles  of  all  sizes  lie  in  the  pumice  and 
obsidian  side  by  side  with  almost  completely  infilled  examples  shows 
that  the  liberation  of  gas  may  occur  prior  to  rather  than  during 
crystallization.  There  is  doubtless  every  link  between  the  structures 
at  the  Bocche  Eosse  and  the  lithophyses  with  large  central  cavities 
described  by  Von  Richthofen  *  and  Iddings,  though  we  may  differ 
as  to  the  mode  of  origin  of  the  cavities.  Von  Richthofen  believes 
that  by d rated  silicates  cr}'stallize  out  and  form  an  aggregate,  which, 
on  relief  from  pressure,   becomes  dehydrated   and  consequently 

1  Amer.  Joum.  Pci.  toL  xl.  (1890)  p.  77. 
*  Iddings,  Seventh  Ann.  Re;  ort  U.  S.  QeciL  Surrey,  p.  283. 
»  Teall,  •  Amygdaloids  of  the  Tynemouth  Dvke,*  Geol.  Mag.  for  1889,  p.  481. 
*-  '  Studien  au8  den  ungari^ch-eiebenburgischen  Trachytgebirgen/  Jahrb.  der 
L-k.  geoL  BeichsanBtalt,  I860,  p.  180. 
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blown  up  by  the  liberated  steam.  Iddings  holds  that  the  separa- 
tion of  anhydrous  silicates  and  silica  releases  the  water  in  the 
region  of  crystalUzation.  Approaching  the  problem  with  the 
advantage  of  the  considerations  put  forward  by  these  writers,  we 
venture  to  afiirm  that  the  steam -vesicles  have  developed  first,  and 
independently  of  any  crystallizing  tendency ;  and  that  only  under 
special  conditions,  such  as  prevail  in  the  obsidians  of  Lipari,  do 
vesicles  play  a  part  in  modifying  their  surroundings  and  assisting 
spherulitic  growth.  Such  modifications  have  been  described  by 
Mr.  Eutley  ^  as  arising  during  the  artificial  heating  of  an  obsidian 
from  Montana,  white  crystalline  pellets  being  formed  in  the  interior 
of  the  vesicles. 

The  Kocche  Eosse  rock  proves  that  Weiss  ^  was  right  in  stating 
that  spherulitic  aggregation  may  take  place  around  a  vesicle  ;  and 
Frof.  Judd '  has  remarked,  when  describing  the  rocks  of  lipari, 
that  in  some  cases  the  formation  of  spherulitcs  ''  has  been  deter- 
mined by  the  liberation,  in  the  midst  of  the  vitreous  mass,  of  an 
infinitesimal  bubble  of  volatile  matter."  But  it  seems  that  this 
structure  is  limited  t6  highly  siiicated,  viscid,  and  slowly  moving 
vitreous  lavas,  where  individual  steam-bubbles  can  exercise 
prolonged  hydrothermal  action  on  the  glass.  We  may  mention  in 
conclusion  that  Belesse,^  in  the  almost  unrivalled  plates  illustrating 
his  *  Eecherches  sur  les  Koches  globuleuses,'  has  figured  an  obsidian 
from  Ischia,  which  has  clearly  the  same  type  of  lithophysul 
structure  as  that  which  we  have  endeavoured  to  describe. 


APPENDIX. 

On  Ltthophtses  and  Hollow  Sphebttlites  in  alteked  Rocks. 
By  Prof.  Grbnvillb  A.  J.  Cole,  E.G.S. 

From  the  date  of  the  publication  of  Mr.  Iddings's  memoir  on 
Obsidian  Cliff,  above  referred  to,  it  has  been  felt,  I  think,  that  Von 
Eichthofen's  view  of  the  primary  origin  of  the  cavities  of  lithophyses 
had  received  very  valuable  support.  It  became  clear,  at  any  rate, 
that,  from  one  cause  or  another,  spherulites  might  be  formed  with 
more  or  less  regular  hollows  in  their  interior.  It  will  now  be 
necessary,  in  dealing  with  any  old  example,  to  endeavour  to  distin- 
guish between  primary  and  secondary  hollows ;  and  I  fear  that  in 
some  cases  the  distinction  must  remain  a  matter  of  opinion.  The 
Kocche  Eosse  obsidian  shows  that  we  may  expect  the  material  of 
a  *  spherulite '  some  5  mm.  or  more  in  diameter  to  have  a  composite 
and  many-centred  character  when  it  has  accumulated  within  and 
round  a  vesicle.  Traces  of  the  '  bridges '  may  also  be  left,  as  I 
think  is  the  case  in  some  of  the  Ordovician  examples  so  ably  dealt 

^  '  On  Alteration  induced  by  Heat  in  certain  Yitreons  Eocks/  Proc.  Boy. 
Soc.  vol.  xl.  (1886)  p.  435. 

2  Zeitachr.  d.  Dentoch.  geol.  (Jesellich.  toI.  xrix.  (1877)  p.  421. 

•  *  Contributions  to  the  Study  of  Volcanos/  Geol.  Mag.  for  1875,  p.  65. 

*  Mem.  Soc  g6ol.  de  France,  2me  s^r.  toihe  iv.  pi.  xxt.  £g.  11 ;  and  p.  361. 
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with  by  Miss  Eaisin.^  It  is  more  difficult  to  decide  as  to  the  con- 
centric coats  which  may  be  formed  within  the  vesicle ;  these  can  be 
seen  in  an  incipient  stage  in  some  examples  from  the  Bocche  Eosse, 
and  attain  their  finest  and  most  onion-like  development  at  Obsidian. 
Cliff,  Yellowstone  Park.  The  same  structure  is  clearly  traceable 
in  a  much  altered  condition  in  the  lithophyses  of  the  Conway 
Mountain." 

The  lithophysal  aggregates  in  the  Lipari  obsidians  bear  evidence 
of  decay,  which  is  doubtless  largely  due  to  the  attack  of  vapours 
and  liquids  subsequent  to  the  primary  devitrification.  Some  of 
Mr.  G.  W.  Butler's  specimens  from  the  Eorgia  Vecchia  show  a  faint 
red  zone  in  the  spherulites  between  the  porcellanous  outer  zone  and 
the  central  fibrous  area.  Under  the  microscope  this  is  seen  to  be 
due  to  a  reddening  of  the  crystallites  included  in  the  otherwise 
colourless  second  zone.  Oxidation  has  taken  place,  resulting  in  the 
development  of  patches  of  powdery  brown-red  products.  It  is  clear 
that  extended  alteration  of  this  colourless  and  markedly  crystalline 
zone  is  liable  to  leave  a  hollow  shell  in  the  lithophyse ;  and  this 
accounts  for  the  fact  that  the  central  fibrous  mass  appears  again  and 
again  on  fractured  surfaces  of  the  rock  as  a  ball,  loosely  set  in  a 
socket  formed  of  the  outer  and  porcellanous  zone.  It  will  be  seen, 
from  the  considerations  put  forward  in  the  preceding  paper,  that 
this  hollow  shell  does  not  mark  the  limits  of  the  original  vesicle,  but 
lies  in  reality  outside  it. 

In  some  specimens,  as  Mr.  Butler  has  pointed  out  to  me,  two  or 
more  shells  have  arisen  in  the  lithophysal  matter ;  but  the  spaces 
separating  them  are  of  merely  local  extent,  the  crystalline  mass 
being  continuous  in  other  parts  of  the  lithophyse.  These  spaces 
appear  to  result  from  the  partial  removal  of  certain  of  the  concen- 
tric layers. 

I  am  not,  then,  prepared  to  abandon  the  suggestion  put  forward 
in  the  case  of  the  Conway  lithophyses,  viz.,  that  the  interspaces 
between  the  successive  coats  result  from  alteration  of  a  formerlj 
solid  mass.  In  the  well-known  spherulitic  lavas  of  Esgair-felen 
and  other  Welsh  localities,  as  weU  as  in  those  near  the  Wrekin, 
where  cracks  full  of  chalcedony  and  quartz  can  be  traced  into  the 
spherulites,  I  have  no  doubt  as  to  the  production  of  *  hollow 
spherulites '  by  ordinary  agents  of  decay.'  I  need  not  recapitulate 
the  arguments  previously  brought  forward ;  but  we  must  now  be 
ready  to  recognize  the  fact  that  true  spherulites  and  aggr^ates  of 
lithophysal  origin  may  closely  simulate  one  another. 

The  typical  Continental  pyromerides  are  truly  spherulitic ;  so  is 
the  great  bulk  of  the  lava  of  the  Wrekin  area,  the  lines  of  flow 
running  through  the  boldly-developed  spherulites.    But  in   the 

^  'Nodular  Felstonee  of  the  Lleyn,'  Quart  Joum.  Geol,  Soc.  vol.  xlv. 
(1889)  p.  260,  fig.  6. 

^  G.  A.  J.  Cole,  '  Alteration  of  Coarsely  Spherulitic  Eooks/  Quart  Joum* 
GeoL  Soc  vol.  xHi.  (1886)  p.  186,  pi.  ix.  fig.  6. 

'  Ibid.  p.  184,  &J0.,  and  *  On  Hollow  Spnerolites,'  Quart.  Joum.  GeoL  Soc 
vol.  xli.  (1886)  p.  162. 
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latter  case,  as  at  Bouley  Bay  in  Jersey,  it  will  be  difficult  to  decide 
between  infilled  primary  and  secondary  cavities.  While  I  still 
assign  a  sphemlitic  character  to  the  outer  coats  of  the  bodies  in  the 
Welsh  '  nodular  felsites/  and  fail  to  find  evidence  of  their  contrac- 
tile origin/  I  am  glad  to  find  myself  now  in  accord  with  Prof. 
Bonney  in  admitting  that  the  central  masses  of  quartz  may 
frequently  have  resulted  from  the  infilling  of  original  vesicles. 

EXPLANATION  OF  PLATE  XIL 

[The  numerators  of  the  fnustions  ezpreesing  the  degree  of  enlargement  of  the 
%urea  repreeent  in  each  case  the  magnifying-power  of  the  objective  uaed.  All 
the  sections  are  from  the  obsidian  of  the  Bt^he  Bosse,  Lipari.] 

Fig.  1.  Vesicles,  with  local  development  of  fibrous  ingrowths,  and  formation,  in 
the  upper  example,  of  brown  sphemlitic  matter  in  the  surrounding 
glass.     X5J». 

2.  Portion  of  edge  of  two  confluent  vesicles,  showing  conical  and  other 

structures.     X^-l^. 

3.  Vesicle  with  brown  spherulitic  xone,  and  ingrowths  bordered  by  tridy-  • 

mite.     XH^. 

4.  Contiguous  vesicles,  with  '  bridges'  of  spherulitic  matter  and  tridymite. 

5.  Spherulitic  'bridge' becoming  connected  with  the  walls  of  the  vesicle 

by  felspathio  outgrowths.     X-H^. 

DiSCTJSSIOW. 

Prof.  BoKNET  expressed  his  sense  of  the  great  value  of  the  paper, 
which  required  careful  reading  and  study  before  it  could  be  properly 
discussed.  He  was  himself  quite  of  opinion  that  sphorulites  might 
form  in  more  than  one  way,  but  he  doubted,  in  cases  where  the 
glass  of  the  rock  seemed  quite  fresh,  whether  the  hollow  in  a 
spherulite  could  be  the  result  of  decomposition.  Hence  he  thought 
that  hollow  spherulites  so  formed  would  be  exceptioual.  Also 
he  believed  that,  as  a  rule,  a  solid  spherulite  with  concentric  shells 
was  not  partly  formed  in  the  glass  and  partly  infilled  afterwards, 
but  had  always  been  solid,  cracks  and  crystallization  beiug  related. 
He  thought  this  must  be  the  explanation  of  spherulites  he  had 
examined  in  Arran,  Jersey,  and  elsewhere,  and  he  had  seen  solid 
spherulites  in  artificially  melted  tachylyte. 

Prof.  Jttbb  congratulated  the  Authors  on  the  clear  and  logical 
character  of  their  paper,  and  was  glad  to  find  that  a  closer  agree- 
ment was  now  being  developed  among  those  who  had  discussed  the 
problem  of  the  origin  of  lithophyses. 

Gen.  McMahon  called  attention  to  some  of  Prof.  Cole's  specimens, 
and  suggested  that  lavas  showing,  as  they  did,  a  strongly  striped 
appearance  owing  to  lines  of  partially-fiUed  vesicles  between  lines 
of  dark  glass  might,  when  buried  under  the  surface  of  the  earth 
and  subjected  to  the  action  of  heated  water  and  pressure,  be  con- 
verted in  the  course  of  time  into  a  crystalline  schist. 

*  T.  Ot.  Bonney,  *  Nodular  Felsites  in  the  Bala  Group  of  North  Wales,'  Quart. 
Joum.  Geol.  Soc.  vol.  xxxviii.  (1882)  p.  295. 
a  J.  G.  S.  No,  191.  2  I 
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Mr.  J.  W.  GRBeoBT  remarked  on  the  close  analogy  between  these 
Eocche  Eosse  lithophyBee  and  those  of  the  Obsidian  Cliff.  He 
quoted  several  facts  which  showed  that  many  of  the  latter  must 
have  been  formed  prior  to  the  consolidation  of  the  rock,  and  were 
thus  of  a  different  origin  from  those  of  Lipari. 

Mr.  RvTLST,  while  acknowledging  the  interesting  nature  of  the 
views  advanced  by  the  Authors,  wished  to  know  how  the  original 
boundaries  of  the  vesicles  could  be  accurately  determined.  If, 
instead  of  the  walls  of  vesicles,  there  were  merely  cracks  in  the 
vitreous  mass,  crystallization  would  then  occur  upon  both  sides  of 
the  fissure,  but  in  the  case  of  a  vesicle,  unless  fresh  matter  were 
introduced,  he  failed  to  see  from  what  source  the  material  of  the* 
crystalline  fibres  lying  within  the  vesicle  was  derived,  except  from 
the  wall  of  the  vesicle  itself,  in  which  case  it  would  be  difficult  to 
fix  its  original  boundary. 

Prof.  Cole  stated,  in  reply,  that  hollows  night  occur  by  decay  of 
spherulites  although  the  glass  around  remained  remarkably  fresh, 
the  fibrous  and  other  structures  in  the  crystalline  materials  rendering 
them  more  open  to  attack.  Only  ^  spherulites '  with  the  dual  type 
of  structure  described  could  be  claimed  as  of  lithophysal  origin,  the 
great  bulk  of  spherulites  in  other  areas,  with  or  without  concentric 
structure,  being  formed  by  outward  growth  from  a  central  point. 
The  curvature  of  the  outer  surface  of  the  mushroom-like  bodies  was 
independent  of  that  of  the  vesicle  on  which  they  originated. 

Mr.  G.  W.  Butler  explained  that,  in  judging  as  to  the  original 
boundary  of  the  vesicles,  the  Authors  had  been  mainly  guided  by  the 
flow-lines  of  the  original  glass,  which  can  be  traced  through  part, 
but  not  all,  of  the  crystalline  material. 
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29.    The  lioBPHOLOGT  of  *  StEPHAKOCBRAS  '  ZIGZAG.      By  S.  S. 

BucKHAN,  Esq.,  P.G.a    (B.ead  May  25tli,  1892.) 
[Platm  Xin.  &  XIV.] 

IlTTBODUCTlOir* 

Makt  years  mnst  elapse  ere  I  shall  be  able  to  describe  Stephanoceras 
zigzag  in  the  volumes  of  the  Falaeontographical  Society.  Meanwhile , 
the  material  which  has  come  into  my  possession  during  the  last  few 
years  throws  an  important  light  on  the  developments  of  this  fossil ; 
and  such  developments  seem  to  supply  a  missing  link  in  the  couDezion 
of  Bat^onian  and  Bajocian  species.  Not  only  is  Step7iafu>ceras  zigzag 
raised  from  comparative  obscurity  to  the  position  of  probable  pro- 
genitor of  a  large  series  of  Bathonian  species,  but  it  is  more  than 
likely  that  the  evidence  now  brought  forward  will  be  of  considerable 
service  to  those  engaged  in  studying  the  genealogy  of  the  later  species. 
For  these  reasons  I  submit  the  following  paper  to  the  Society. 

D'Orbigny's  figures  ^  of  Ammonius  zigzag  represent  only  small 
specimens  of  two  varieties  of  the  species.  Quenstedt  figures '  as 
euryodos  a  more  quickly-coiled,  more  coarsely-ribbed  form  ;  but  this 
is  fidso  small.     He  says  it  is  the  same  as  d'Orbigny's  zigzag. 

In  a  former  paper  on  Inferior  Oolite  Ammonites,'  I  remarked  on  the 
change  of  form  which  appears  to  have  escaped  previous  notice ;  but 
the  specimens  then  referred  to  were  only  a  little  larger  than 
the  Continental  examples.  The  best  figures  of  the  species  are  those 
given  by  Quenst^edt  under  the  name  euryodos  in  his  last  great  work  *; 
but  they  afford  no  adequate  idea  of  the  developments  of  the  fossil. 
It  may  be  noted  that  there  are  distinct  differences  in  coiling  and 
ribbing  between  the  specimens  depicted  in  his  fig.  5  and  figs.  4  and  6 
— ^a  matter  to  which  I  shall  have  to  refer  later  (series  y). 

The  generic  position  of  zigzag  has  been  a  matter  of  some  un- 
certainty. Neumayr  omitted  it  from  his  ^  Systematik  der  Ammo- 
nitiden ' ; '  and,  though  the  species  has  sometimes  been  placed  in 
Stephanoeeras^  yet  the  peculiar  ornaments  which  doubtless  suggested 
to  d'Orbigny  the  name  zigzag  are  different  from  the  ornaments  of 
St^hanoceras ;  and,  therefore,  some  authors  have  placed  the  species 
in  Ferisphinctes. 

There  are  only  two  sources  from  which  it  would  be  possible  to 
derive  zigzag,  namely,  Stephanoceras  and  Zurcheria. 

I  have  broken  up  some  eight  or  nine  specimens  without  very 
much  success,  on  account  of  their  crystalline  condition ;  but  the  inner 
whorls  show  a  rather  globose  form,  which  soon  acquires  small  knobs, 

1  *  PaL  fran9..  Terr,  jurass.'  pi.  129,  figh  9-11. 

»  *  Der  Jura,'  pl..63,  fig».  20,  21. 

»  Quart.  Joum.  Gbol.  See.  voL  xxxTii.  (1881)  p.  696. 

*  '  Ammoniten  des  SohwabiBoben  Jura,'  pL  74. 

*  Zeitflchr.  d.  Deutaoh.  geol.  GeseUsch.  vol.  zxrii  (1875)  p.  864. 
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Later  on,  there  is  considerable  likeness  to  a  yonthfdl  Blagdeni; 
and,  ^hile  still  very  young,  the  distinctive  z^zo^maments  are 
assumed.  So  far  as  the  inner  whorls  are  concerned,  there  is  no 
definite  evidence  against  descent  from  Zurcheriay  though  descent 
from  Stephanoceras  is  quite  as  probable.  It  is  only  in  the  later 
developments  that  the  latter  probability  becomes  almost  a  certainty. 
These  developments,  which  I  shall  have  to  describe,  are  so  mach 
like  the  developments  of  the  SUphanocerata,  and  so  unlike  those  of 
S^rcheria  and  its  allies  {Amaltheiila!\  that  I  come  to  the  conclusion 
that  zigzag  is  nothing  more  than  a  rather  peculiarly  ornamented 
development  of  the  petttis- Blagdeni  stem.^  Its  suture-line  (see 
PL  XIV.  fig.  1)  supports  this  view. 


St£FHA270CEBAS  ZIGZAG  ASD  ITS  D£VBL0PH£irr8. 

Series  o. 

Roughly  speaking,  there  are  two  principal  forms  called  ^  zigzag'^ — 
a  thin  and  a  thick  one.  I  consider  it  advisable  for  the  sake  of 
clearness  to  confine  the  specific  name  to  the  former.  A  specimen 
(exhibited  when  this  paper  was  read)  which  agrees  with  d'Orbigny's 
fig.  9  may  be  considered  as  the  type  of  the  species.  It  is  a  little 
larger  than  d'Orbigny's  specimen,  and  shows  the  change  in  ribbing 
not  observable  in  the  French  fossil.  A  similar  example,  changing  its 
ribs  at  the  same  period,  possesses  the  complete  mouth-border — a  well- 
marked  lateral  spatulate  ear,  of  which  the  outer  portion  had  not, 
apparently,  been  properly  calcified. 

A  most  important  specimen,  illustrating  the  law  of  earlier  inherit- 
ance, shows  a  change  of  ribbing  beginning  nearly  a  whorl  earlier 
than  in  the  first  mentioned,  and,  in  fact,  this  specimen  is  not  a  true 
zigzag^  but  a  marked  development  thereof.  (It  should  be  noticed,  in 
view  of  some  remarks  later  on,  that,  on  the  core,  there  is  a  distinct 
interruption  of  the  ribs  in  the  middle  of  the  ventral  area.)  In  the 
specimen  depicted  (PL  XIII.  figs.  1,  2)  a  still  further  development 
in  the  same  direction  is  to  be  noted.     In  this  example  nothing  but 

the  early  whorls  of  the  centre  show  the  zigzag  style  of  ribbing 

all  the  rest  of  the  specimen  has  what  might  very  appropriately  be 
called  annulose  and  bifurcate-annulose  ribbing,*  with  small  knobs 
at  the  point  of  bifurcation. 

This  form  is  very  near  to  Seebach's  procenu,^  and  possesses  the 
same  kind  of  ribbing.*  But  Seebach's  fossil  is  just  the  next  step 
onwards,  which  has  begun  to  acquire  what  may  be  called  two 
new  characters — increased  inclusion  and  broader,  more  inflated 

*  See  Mopogr.  Falceontosr.  Soc  Part  vi.  p.  271. 

*  The  olaimB  of  the  word  zigzag  to  a  dassiwd  origin  appear  very  doubtfol, 
but  it  may  be  admitted  on.  account  of  long  utMige. 

'  A  single  rib  encircles  the  whorl  or  bifurcates  at  the  edge  of  the  lateral  i 
The  alternation  of  the  two  styles  of  ribbing  is  not  quite  regular. 

*  Soebach,  '  Der  HannoTersche  Jura/  pi.  x.  fig.  2  a,  c. 
»  Ibid.  p.  156. 
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whorls — and  it  has  lost  the  small  knohs  on  the  rihs.  K  present  at 
all,  the  zigzag-nhhmg  must  end  very  soon ;  but  the  centre  is  im- 
perfect in  the  specimen  as  well  as  in  some  older  examples  of  the 
same  species. 

The  characters  of  adult  proeerum  are  observable  in  the  adolescent 
stage  of  the  next  development  (Fl.  XIII.  figs.  3,  4),  but  there  is  a 
very  noticeable  increase  in  the  inclusion  which  has  brought  about  a 
renewal  of  the  compression  of  the  whorl.  This  form  is  very  distinct 
from  the  last  on  account  of  its  small  umbilicus,  and  may  be  known 
as  subprocerum.  Still  further  increase  of  the  inclusion  produces 
the  form  shown  in  PI.  XIII.  figs.  5,  6,  in  which,  at  the  same 
diameter,  the  umbilicus  is  considerably  smaller.  In  the  early  adult 
stage  of  this  form  it  may  be  noticed  that  the  primary  ribs  tend  to 
become  obsolete  and  are  much  more  distant — serving  four  or  five 
secondary  ribs  ^ — while  the  point  of  junction  is  altogether  obscure. 
There  is  also  at  this  stage  a  tendency  to  widen  the  umbilicus  again  ; 
the  same  tendency  is  shown  in  regard  to  the  continuation  of  the 
whorl  in  subprocerum.  The  form  under  discussion  differs  from  tub- 
proeerum  in  the  various  respects  noted  above,  and  it  may  be  known 
as  dausiproeerum. 

Series  /3. 

The  thick  form  of  zigzag,  as  the  specimens  are  usually  called, 
is  in  reality  either  the  parent  of  zigzag  proper  or  else  a  less- 
developed  type  of  the  stoti  from  which  zigzag  came.  It  differs  in 
retaining  the  zigzag-iihhmg  and  the  broad-abdomened  whorls  until 
a  later  period  of  growth.  For  the  sake  of  distinction  it  may  be 
called  crassizigzag.  The  most  pronounced  of  the  series  is  a  form 
which  retains  its  broad  flat  abdomen,  to  a  diameter  of  45  mm.,  a 
long  time  in  proportion  to  the  others ;  it  may  be  called  crassi- 
zigzag  a. 

Certain  large  examples,  130  to  155  mm.  in  diameter,  though  they 
differ  somewhat  among  themselves,  may  be  regarded  as  adults  of  this 
form,  but,  strictly  speaking,  they  exhibit,  each  in  their  way,  a  certain 
progress  in  development  and  are  biologically  later  than  the  form  in 
question.  One  of  them,  in  which  the  primary  ribs  have,  so  to 
speak,  run  together  to  form  large  bulgings  on  the  inner  area,  is  a 
most  remarkable  development.     It  is  depicted  in  PI.  XIY.  figs.  2,  3. 

The  usual  form  of  eroMizigzag  is  shown  in  PI.  XIII.  figs.  7,  8, 
and  may  be  known  as  crassizigzag  /3.  A  specimen  which  possesses  the 
complete  mouth-border  shows  that  it  was  without  any  lateral 
lappets ;  but  perhaps  this  ought  not  to  be  considered  as  a  distinc- 
tion from  zigzag.  A  larger  specimen  of  the  same  subseries  forms 
the  connexion  with  anotiier  example  (PI.  XIV.  figs.  4, 5)  in  which 
there  is  a  very  distinct  change,  with  a  marked  increase  in  inclusion 
and  an  inflation,  of  the  whorl — in  fact  in  every  way  a  form  homo* 
plastic  with  the  procerumraenea.    It  differs,  however,  by  its  greater 

1  This  is  to  a  certain  extent  a  rerersion  to  the  W^ro^-ribbing— to  far  as 
conoems  the  number  of  secondary  in  relation  to  primary  ribs. 
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thickness  and  in  retaining  the  zigz<ig-Bty\e  of  ribbing  a  much  longer 
time  in  proportion  to  inclusion.  It  may  well  be  designated  pseudo^ 
procerum. 

In  considering  the  further  developments  of  the  zigzag-^nes  there 
can  be  little  doubt  that  both  arhustigerus  and  plantda  ^  as  figured 
by  d'Orbigny*  are  certainly  further  developments  of  that  series, 
probably  derivations  of  ercusizigzag  a.  The  coarse  ribs  of  their 
inner  whorls  suggest  the  2;t^za^-ornamentation  very  forcibly.  It 
seems  also  very  possible  that  both  Herveyi  and  mcLcroeephalus 
(d'Orbigny,  Pal.  fran^.,  Terr,  jurass.  pis.  150,  151)  may  t^ke  their 
rise  from  a  form  like  pseudoprocerum.  If  this  idea  be  correct  it 
may  perhaps  be  advantageous  to  include  the  whole  of  the  zigzag 
series  in  the  genus  Mdcraeephalites,  Sutner.'  Two  other  species, 
which  may  possibly  be  derived  from  the  zigzag-eerieB^  are  whcon- 
trdctusy  Morris  and  Lycett,  and  Morrisi,  Oppel. 

Series  y. 

This  series  is  only  known  to  me  from  Quenstedf  s  plates.  The 
example  depicted  in  '  Ammoniten  des  Schwabischen  Jura/  pi.  74, 
fig.  5,  is  certainly  quicker-coiled  than  zigzag  or  crastizigzag ;  and 
not  improbably  the  name  euryodus  may  be  retained  for  it.  Quen- 
stedt's  figures  allow  us  to  surmise  thot  this  form  is  the  ancestor  of 
anceps,  and  in  that  case  we  have  a  remarkable  instance  of  homo- 
plastic development;  for  in  the  aticsps-Benes  there  is  the  same 
ventral  furrow  as  in  Parkinsonia,  which  was  itself  an  earlier 
development  from  the  Stephanocer<i»-BeT\e8.  Now  anceps  is  the 
type  of  a  genus  BeinecJceia ;  and  it  seems  very  probable  that  the  Pert- 
sphincles  tyrannus  and  ox-yptychus  of  Neumayr  ^  may  be  developments 
of  forms  of  anceps. 

The  accompanying  table  shows  the  genealogy  of  the  species  dealt 
with.  The  zt^za^-series  is  a  branch  from  the  coronate-radical  mani- 
festing the  spinous  stage  at  a  later  date  than  the  Humphriesianvm' 
series,  to  which  it  may  be  considered  morphologically  equivalent. 
Just  as  the  i/umpArt^^tanum-series  evolved  forms  belonging  to  the 
costate  stage,  so  the  zigzag-Benes  gave  rise  to  similar  costate  forms 
(procerum,  psevdoprocerum^  &c.) ;  so  that  there  is  a  parallelism  in  the 
developments  of  these  two  series  as  well  as  between  the  developments 
which  take  their  rise  from  zigzag  and  crassizigzag,  when  considered 
in  relation  to  each  other. 

^  The  planida  of  Hehl  (Zieten,  '  Die  Ventein.  Wiirtt.'  pL  vii.  fig.  6)  is  a 
different  speoies,  apparently  derived  from  the  Mariinm-groupf  looking  at  the 
omamente  of  its  inner  whorls.  The  ornamentation  of  its  outer  whorls  sufgests 
that  it  is  the  ancestor  of  Lamlferti,  SutherlandtB,  Maria,  and  henoe  GoliatJiMs, 

«  '  Pal.  fran9.,  Terr,  jurass.'  pis.  143,  144. 

'  It  would  be  yery  interesting  if  homoplasy  had  produced  from  the  zigeag'tiuack. 
a  later  deyelopment  so  much  like  8pharocer<zSf  which  is  an  earlier  derivation 
of  the  same  radical  stem  as  that  from  which  zigzag  came. 

^  '  Ceph.  der  Macrooephalenschichten,'  Jahrb.  d.  k.  k.  geol.  Beiohsanst.  Bd.  xx. 
(1870)  pis.  viii.,  ix. 
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EXPLANATION  OP  THE  PLATES. 

Plati  xni. 

Fig.  1.  8iephanocera$,  a  form   intermediate  between  eiff^aff  and  prooerum 
showing  the  eiffzag-tityle  of  ornament  in  the  inner  whorls  and  the 
procerttm  style  of  ribbing  in  the  outer  whorls.    Nat  size. 
2.  Outline  of  aperture. 

5.  Stephanoceras  wbprocerum,  n.  f.,   showing  the  decrease  in  nze  of 

umbilicus.    About  |  nat.  size. 
4.  Outline  of  aperture. 
5«  Stephanoceras  dautiproeerum^  showing  greater  deereaee  in  siie  of 

umbilieuB  and  the  greater  distance  between  the  obeoleeoent  primarj 

ribs.    About  }  nat.  size. 

6.  Outline  of  aperture. 

7.  Stepkanoeerae  crassiziggag,  Tar.  /B,  n^f.,  showing  the  change  from  the 

etgzag-tXjXe  to  a  plain  ooetate  ornamentation.    Nat.  size. 

8.  Outline  of  aperture. 

Plati  XIV. 

Fig.  1.  Suture-line  of  a  specimen  of  St^hanoceraa  eigzag,  showing  long 
siphonal,  and  dependent  inner  lobes. 

2.  Stephanoceras  erassufigeag,  Tar.  «,  n.  f,  a  large  specimen  showing  the 

eigeag'Omaimnts  retained  for  a  long  time,  ana  an  exaggeration  of 
the  primarr  ribs  on  the  last  whorl.  About  }  nat  size.  (This  is  an 
important  link  in  the  connexion  of  Bathonian  and  Bajocian  species.) 

3.  Outline  of  the  aperture.    |  nat  size. 

4.  Stephanoceras pseudoprocemm^n.i.    About  |  nat  size.    (This specinaett 

suggests  the  connexion  of  eigzag  with  Macroeephalites.) 

5.  Outline  of  aperture.    }  nat  size. 

All  the  specimens  figured  are  from  Broad  Windsor  (Dorset),  from  the  upper- 
most beds  of  the  Inferior  Oolite,  representing  the  zigzag-  and  possibly  part  of 
the  /t<«;a-zones.  They  are  rare  forms,  and  were  only  obtained  thanks  to  the 
grcjat  energy  of  Mr.  Darell  Stephens,  F.G.S.    They  are  now  in  my  cabinet. 

DiscrssiON. 

The  FBEsiDEirr  pointed  out  that  we  had  long  known  that  Ammo- 
nites varied  in  a  remarkable  way.  He  considered  that  there  was 
much  to  be  learned  from  what  might  be  termed  '  pedigree  paleon- 
tology.' 

Prof.  Seelet  regarded  the  paper  as  important  in  defining  the 
nature  of  species  and  genera.  He  suggested  that  similar  conditions 
of  deposition  had  exercised  an  influence  on  both  persistence  and 
modification  of  type,  in  successive  periods  of  geological  time.  He 
thought  that  the  same  types  could  in  some  cases  be  followed  among 
Ammonites,  from  the  lias,  through  the  Oxford  Clay  to  the  Gault, 
indicating  persistence  with  modification.  The  principle  of  inheritance 
which  had  been  urged  applied,  he  believed,  to  Vertebrates  and  other 
groups  of  fossils. 

The  Rev.  J.  E.  Blakb  also  spoke. 

The  AuTHOB,  after  thanking  the  Society  for  the  manner  in  which 
his  paper  had  been  received,  remarked  that  it .  was  abeolntely 
necessary  that  zones  should  be  subdivided  in  detail.  With  regard 
to  genealogy  it  was  only  necessary,  with  a  perfect  series,  to  foUoir 
out  the  law  of  earlier  inheritance  to  ensure  correctness. 
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30.  On  the  Discovert  of  Makvoth  ayvd  other  Ebmaiks  in  Ends- 
LEieH  Street  and  on  Sectioks  exposed  mENBSLEiGH  Gardes  3, 
Gordon  Street,  Gordon  Square,  and  Tatistock  SauARS, 
London.  By  Henry  Hicks,  M.D.,  F.B.S.,  Sec.  Geol.  Soc.  (Read 
May  25th,  1892.) 

CoNTBNTS.  Paire 
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I  4.  Upper  Wobum  Place  and  the  eastern  idde  of  TaviBtook  Square .    461 

)  5.  Southern  Bides  of  Tavifltook  and  Gordon  Squares  461 

I  6.  Gordon  Street  and  the  western  side  of  Gordon  Square 463 

I  7.  ConclusionB 466 

§  1.  Introduction. 

On  March  9th  of  the  present  year  I  received  a  commonication  from 
Mr.  W.  R.  Boosfield,  Q.C.,  M.P.,  in  which  he  stated  that  his  friend 
Mr.  G.  Homblower,  A.R.I.B.A.,  had  two  days  before  secured  portions 
of  a  Mammoth  tusk,  which  he  had  noticed  lying  on  a  heap  of  clay 
brought  up  from  an  excavation  made  for  the  purpose  of  deepening 
the  sewer  in  Endsleigh  Street,  W.C.  On  March  14th  I  called  at 
Mr.  Homblower's  office  to  see  the  portions  of  tuflk,  and  I  found 
that  he  had  in  his  possession  about  3  feet  6  inches  of  the  base  of  a 
large  tusk,  some  fragments,  and  about  2  feet  of  the  anterior  portion. 
It  was  dear  that  it  had  only  recently  been  broken,  and  that  all  the 
fragments  belonged  to  the  same  tusk.  Its  circumference  at  the 
thickest  part  was  22^  inches.  I  then  visited  the  spot  in  Endsleigh 
Street  whence  it  had  been  obtained,  and  found  there  several  frag- 
ments which  had  been  left  behind,  and  also  a  portion  of  a  rib  which 
was  lying  on  the  day.  In  course  of  conversation  with  the  workmen 
I  was  informed  that  the  tusk,  which  was  evidently  quite  complete 
when  first  seen,  had  been  found  near  the  northern  end  of  the  street, 
at  a  depth  of  about  22  feet  from  the  surface,  and  that  they  had  left 
in  the  cutting  another  tusk  of  the  same  size.  The  tusks  were  near 
together,  and  doubtless  belonged  to  the  same  animal,  but  the  one 
left  behind  reached  along  the  side  of  the  cutting  only,  and  therefore 
it  was  not  necessary  to  remove  it.  The  exposed  portion  of  it  was, 
however,  measured,  and  this  was  found  to  be  over  7  feet  in  length. 
No  attempt  to  obtain  it  was  made,  and  as  that  part  of  the  sewer  had 
been  bricked  up  before  I  visited  the  place  I  was  unable  to  secure  the 
specimen.  From  the  clay  which  had  been  brought  up  from  the 
excavation,  in  addition  to  the  rib  mentioned,  I  obtained  afterwards 
a  broken  vertebra  of  the  Mammoth,  and  also  a  vertebra  of  Deer.  On 
the  same  day  I  called  at  the  office  of  the  contractor,  Mr.  J.  H.  Neave, 
and  asked  that  I  might  be  informed  of  any  further  discoveries  which 
might  be  made.  I  also  called  at  the  office  of  the  Geological  Survey 
in  Jermyn  Street,  and  Mr.  Clement  Reid  afterwards  accompanied 
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Map  [based  on  that  of  the  Ordnance  Survey] 

showing  the  hcalities  where  Mammoth  Eemaint  were  found  and  eecttone 
of  Olacial  Deposits  exposed  in  N.  W,  London. 
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me  to  Endsleigh  Street  for  the  purpose  >of  securing  some  of  the  day 
in  which  the  bones  had  been  embedded,  in  the  hope  of  discovering 
in  it  evidences  of  the  contemporaneous  flora. 

From  that  time  to  May  23rd  I  regularly  visited  the  excavations 
88  they  were  being  made  in  this  and  the  adjoining  roadways,  and, 
thanks  to  the  kindness  of  Mr.  Neave,  I  have  been  able  to  record 
carefully  the  facts  obtained,  and  also  to  secure  all  the  bones  which 
have  been  found.  Fortunately  very  little  of  the  main  sewer  had 
been  completed  when  I  first  visited  the  excavations,  and  as  at 
those  points  the  connecting- drains  from  the  houses  had  still  to  be 
joined  on  to  the  main  sewer  these  smaller  excavations  enabled  me 
personally  to  record  even  there  the  nature  of  the  deposits,  to 
within  a  very  few  feet  of  the  depth  touched  in  laying  the  main 
sewer. 

Up  to  the  present  time  the  excavations  have  been  carried  along 
the  southern  side  of  Endsleigh  Gardens  (Eiiston  Square),  Upper 
Wobum  Place,  the  eastern  and  southern  sides  of  Tavistock  Square, 
the  southern  and  western  sides  of  Gordon  Square,  Gordon  Street, 
and  Endsleigh  Street.  The  foregoing  are  all  the  thoroughfares 
included  in  the '  first  contract,'  but  I  understand  that  it  is  the  inten- 
tion of  the  St.  Pancras  Yestry,  who  are  carrying  out  the  work,  to 
make  new  sewers  also  in  Taviton  Street,  and  along  the  northern 
and  eastern  sides  of  Gordon  Square,  and  the  northern  and 
western  sides  of  Tavistock  Square,  so  that  the  whole  of  the  area 
included  within  the  boundaries  referred  to  above  may  be  drained  at 
the  same  depth. 

§  2.  ENDSLEien  Street. 

This  thoroughfare  extends  from  Endsleigh  Gardens  to  Tavistock 
Square  in  a  direction  from  N.N.W.  to  S.S.E.  At  the  northern  end 
it  is  80  feet  above  Ordnance  datum  and  at  the  southern  end  81,  so 
that  at  present  the  fall  is  slightly  towards  Euston  Square.  It  will 
be  seen  farther  on  that  there  is  a  much  more  decided  fall  in  the 
underlying  surface  of  London  Clay  in  the  same  direction,  there- 
fore the  present  inclination  of  the  surface  follows  in  the  main  that 
which  was  marked  out  before  the  overl3'ing  deposits  had  been 
accumulated.  The  sewer  in  this  street  was  carried  down  to  a 
depth  of  about  25  feet,  and  though  it  was,  in  part,  laid  in  tunnels, 
the  excavations  open  to  the  surface  were  so  extensive  that  it  was 
quite  easy  to  make  out  the  features  of  the  surface  of  London  Clay 
below  the  newer  deposits. 

The  section  on  the  following  page  (fig.  1,  XL  on  the  Map)  shows 
that  there  is  a  fall  in  this  surface  of  no  less  than  6  feet  from  the 
southern  to  the  northern  end  of  the  street,  t.  e,  to  where  the  Mam- 
moth tusks  were  found.  Except  in  the  neighbourhood  of  the  old 
sewer,  which  at  the  lowest  part  of  the  invert  reached  to  a  depth  of 
12  feet,  the  *  made '  or  disturbed  ground  extended  only  to  a  depth 
of  from  5  to  6  feet ;  under  this  was  found  about  2  feet  of  a  dark 
loamy  day  which  rested  on  a  yellowish-brown  day,  and  sometimes 


Digitized  by  VjOOQ IC 


1^ 

v« 

o 

5 

CO 

II 

s 

S                 X 

|1      ^ 

M  fS               j^ 

^©               1 

I-H                     £ 

•d  5            ^ 

,-«, 

§^             i 

1 
1 

11            1 

1^   ii 

a 

■S  S      5.2 

1 

1 

}  a      -kS 

h    V- 

S*  ■  "  8  8 

J 

1  ii « 1 

■«j 

5  8  fl  • 
a  §  S  S  s 

II 

il^  Ii 

§ 

^i-sll 

1 

o 

1 

g  1  i  2  s  i 

s  1  s  i  1 : 

!i 

e  -    .5   60      3 

-U    rt    ^    c  'Q    <s 

•i|s8|-3 

^^^f^-^ 

:ji^  i*-l 

Igllii 

MfSti 

5(S3{S^^ 

^*  '«*.^-s 


Digitized  by  VjOOQ IC 


MAKMOTH  ATTD  OTHER  BBMAIN8  IK  INBSLEIGH  BTBBEI.  457 

on  a  bluish-grey  clay,  containing  a  few  flints  and  much  '  race.'  The 
yellowish  day  varied  from  6  to  10  feet  in  thickness,  and  it  was  quite 
undisturbed.  Under  the  *  race '-clay  was  found  some  yellow  sand, 
and  below  that  sandy  gravel.  Lower  down  was  a  coarser  gravel 
through  which  water  flowed  very  freely.  This  rested  on  a  dark 
clayey  loam  which  appeared  to  pass  almost  insensibly  into  what 
was  clearly  deeply-stained  London  Clay  with  septaria.  It  was  in 
the  dark  loam  that  the  Mammoth  tnsks  were  found,  and  it  was  this 
also  that  yielded  the  seeds  which  will  be  referred  to  farther  on. 

On  March  18th,  in  an  excavation  on  the  western  side  of  the 
street,  and  very  nearly  opposite  the  spot  where  the  tusks  were 
met  with,  a  portion  of  the  antler  of  a  red  deer  {Cervu9  elaphus) 
and  two  cannon-bones  evidently  belonging  to  two  horses  {Equus 
cabaUus)  were  discovered  in  yellow  gravel  about  20  feet  from 
the  surface.  As  the  surface  of  the  London  Clay  seems  to  rise 
rather  sharply  on  the  western  side  of  the  street,  these  bones  were 
very  nearly  on  the  old  land-surface,  though  not  actually  embedded 
in  the  dark  loam. 

On  March  29th  I  found  that  the  workmen,  in  excavating  for  a 
connecting-drain  on  the  eastern  side  of  Endsleigh  Street,  opposite 
the  last  house  on  that  side  of  the  street,  and  about  15  feet  north  of 
the  position  where  the  large  tusks  were  discovered,  had  come  upon 
several  bones  of  a  comparatively  young  Mammoth  at  a  depth  of  22 
feet  from  the  surface.  These  were  in  an  excellent  state  of  preser- 
vation, and  had  been  embedded  almost  completely  in  the  dark  loam 
above  the  London  Clay.  The  manner  in  which  the  bones  were 
found,  lying  at  the  bottom  of  the  excavation,  here  only  about  6  feet 
in  length,  and  less  than  3  feet  across,  would  indicate  that  there  must 
have  been  a  complete  skeleton  of  the  animal  at  this  spot.  I  obtained 
possession  of  the  bones  and  took  them  direct  to  the  Museum  of 
Practical  Geology  in  Jermyn  Street,  where  they  were  carefully 
examined,  along  with  others  which  I  secured  afterwards  from  the 
same  excavation,  by  Mr.  E.  T.  Newton,  F.G.S.,  who  has  kindly 
furnished  me  with  the  following  list : — 

1.  Lowest  Bid,  with  seeds. 

Cervus,    Axis  yertebra. 
Elephas  primigenius. 

Portions  of  a  large  tusk,  part  of  a  vertebra  and  part  of  a  rib  of  a  large 

animal. 
The  following  bones,  apparently  belonging  to  one  individual,  about 

half  grown,  as  shown  by  the  teeth  and  by  the  epiphyses  of  the 

bones  not  beinff  fixed : — 
Lower  Jaw,  with  the  last  milk  molar  much  worn  and  the  first  true 

molar  just  coming  into  use. 
Jugal  arch.    Atlas  vertebra. 
Scapula  (28  inches  long). 
Humerus  (31  inches  long). 
Ulna,  without  distal  epiphysis  (23  inches  long). 
Femur  (37  inches  long). 
Many  pieces  of  ribs. 
Jrvicola,    A  portion  of  a  cheek-tooth  of  a  small  species. 
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2.   G^RATEL  ABOVE  No.  1. 

Cervus  elaphus.    Proximal  part  of  a  Uw  antler. 
Equus  caball/M,    Two  cannon-bones  diflering  in  sice. 

In  the  loam  in  which  the  bones  were  embedded  Mr.  Clement  Reid, 
F.L.S.,  E.G.S.,  has  recognized  the  seeds,  &c.,  of  the  following  plants, 
which  he  says  are  U8ad[ly  found  in  marshy  places  or  ponds  : — 


Potamoaeton  crigjma,  Linn. 
Zannicnellia  •palusiris,  Linn. 
Eleocharis  pcututris,  Br. 
Carex  dioicai  Linn. 
,8p. 

^,8p. 

Chara,  ap. 
Moaees. 

Two  land-ehells  also  b«?«bMit  identi* 

fied: 
Planarbis  nautileua, 
Limruea  peregra. 


BaimmemhiM  aquatilia,  Linn. 

Beeleraius^  Linn. 

repens,  Linn. 

SteUaria  mediae  Cyr. 
Geranium  J  sp. 

Potentilla  TormentiUa,  Neck.. 
Hippuria  vulgaris,  Linn. 
Myriophyllum  spictUum,  Linn, 
Polygonum  aviculare,  Linn. 

Persicaria,  Linn. 

Fumex  obtusifoliut^  Linn. 
Luzula  ?  maxima  ?,  De  0. 
Poiamogeton  obtustfolius. 

It  will  be  observed  that  there  are  no  typically  Arctic  plants,  but 
they  are  such  as  extend  at  the  present  time  from  the  Arctic  Circle 
to  the  South  of  Europe.  That  the  climate,  even  in  the  Thames 
Valley,  was  then  cold  there  cannot,  in  my  opinion,  be  any  doubt, 
and  it  is  more  than  probable  that  farther  north  the  conditions  were 
such  as  are  considered  to  have  been  in  part,  at  least,  characteristic 
of  the  Glacial  period. 

§  3.  Endsleioh  Gabdens. 

The  section  facing  this  page  (iig.  2, 1,  on  the  Map)  was  compiled 
from  observations  made  by  myself  in  the  portion  between  Endsleigh 
Street  and  Gordon  Street,  and  from  facts  communicated  to  me  by 
Mr.  Neave  and  the  clerk  of  the  works  with  regard  to  the  part  be- 
tween Endsleigh  Street  and  Upper  Woburn  Place  which  had  been, 
in  the  main,  completed  before  my  examination  of  the  excavations 
commenced. 

Opposite  Fpper  Woburn  Place  the  sewer  has  been  carried  down 
to  a  depth  of  about  28  feet,  and  I  was  informed  that  three  separate 
layers  of  septaria  were  met  with  in  the  London  Clay,  which  here 
reached  upwards  to  within  12  feet  of  the  surface  of  the  street.  Some 
excavations  made  subsequently  in  Upper  Woburn  Place,  for  con- 
necting the  drains  with  the  houses,  enabled  me  to  verify  this  in  part, 
and  they  also  proved  that  the  London  Clay  approached  gradually 
nearer  the  surface  eastwards. 

The  following  section,  exposed  in  making  the  Metropolitan 
Eailway,  which  I  quote  from  Mr.  Whitaker's  Memoir, '  The  Geology 
of  London,'  vol.  ii.  p.  321,  is  interesting  as  showing  that  the  ridge 
of  London  Clay  extends  northwards  for  some  distance : — 

«  Eoston  Square  (something  doubtful  near  eastern  side). 
Made  ground,  7  to  4. 
Gravel  and  sand  up  to  8. 
London  Clay,  within  10  feet  of  the  surface  near  £.  (?  only  7  at  £.).** 
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In  the  district  directly  north  of  Euston  Square,  in  all  the 
geological  maps  hitherto  published,  London  Clay  is  shown  to  reach 
to  the  surface,  but  I  am  doubtful  whether  this  is  the  case  over  all 
that  area,  for  it  is  quite  possible  to  mistake  the  brown  clay  which 
overlies  the  gravel,  where  it  happens  to  be  free  from  stones,  for 
weathered  London  Clay.  Over  some  parts  of  this  district  northwards, 
especially  in  the  neighbourhood  of  Regent's  Park  and  in  St.  John's 
Wood,  I  have  recognized  this  day  with  *  race,'  containing  included 
patches  of  gravel,  in  cuttings  of  several  feet  in  depth.  The  presence 
of  the  gravel-patches  clearly  proves  that  it  is  not  London  Clay,  but  a 
redepoeited  clay  derived  mainly  from  the  denudation  of  the  London 
Clay.  This  re-deposited  clay  can  usually  be  differentiated  from  the 
London  Clay,  not  only  because  it  frequently  contains  'race'  and 
patches  of  sand,  and  shows  bluish  streaks  due  to  the  percolation 
of  water  saturated  with  carbonate  of  lime  ;  but  also  because  of  the 
manner  in  which  it  crumbles,  when  dry,  into  irregular  fragments. 
London  Clay,  even  when  much  weathered,  still  retains  evidences  of 
lamination,  and  is  easily  split  along  well-defined  lines.  With  the 
re-made  clay,  on  the  other  hand,  unless  near  the  base,  where  it  is 
usually  more  or  less  sandy,  there  is  very  little  evidence  of  lamination. 
The  London  Clay,  excepting  for  a  foot  or  two  under  the  gravel 
(where  it  was  usually  found  to  be  of  a  brown  colour  on  account  of 
decomposition  by  percolating  waters),  was  of  a  dark  bluish  tint,  and 
varied  but  little  in  any  of  the  excavations. 

The  valley  scooped  out  of  the  London  Clay,  nearly  in  a  line  with 
Endsleigh  Street,  as  shown  in  figs.  1  and  2,  seems  to  cut  across 
Eodsleigh  Gardens  in  a  northerly  direction,  evidently  towards  the 
comparatively  low  ground  between  Euston  Road  and  Old  St.  Pancras 
Church,  where  at  one  point  in  the  Old  St.  Pancras  fioad  the 
present  height  is  given  as  57  feet  only  above  O.D.  against  75  in 
the  Euston  Road,  and  85  in  Upper  Bedford  Place.  It  is,  of  coui^ 
quite  possible  that  the  London  Clay  may  reach  almost  or  quite  to 
the  surface  immediately  north  of  Euston  Square,  but  even  then  it 
will  be  seen  that  the  inclination  of  the  old  yaUey  must  have  been 
in  the  direction  indicated,  for  the  floor  of  London  Clay  exposed 
under  the  newer  deposits  reaches  to  a  height  of  68  feet  in  Upper 
Bedford  Place,  that  is,  9  feet  higher  than  the  present  level  of  the 
road-surface  in  Old  St.  Pancras  Road.  In  an  easterly  direction,  be- 
tween Endsleigh  Gardens  and  the  Fleet  Valley,  London  day  is  shown 
in  the  Geological  Survey  Map  to  reach  to  the  surface  at  heights  of 
75  and  80  feet  above  O.D.,  and  therefore  the  Endsleigh  Valley  must 
have  been  separated  here  from  the  fleet  by  an  important  lidge, 
narrowing  gradually  towards  the  north.  On  the  western  side  of 
Endsleigh  Gardens  the  evidence  points  to  another  depression 
tovrards  Gower  Street,  for  a  section  exposed  in  Gower  Place,  beyond, 
but  in  a  line  with,  the  section  reproduced  in  fig.  2,  showed  an  increase 
in  the  thickness  of  the  deposits.  It  also  proved  that  beyond  the 
<  made  ground '  in  ^g.  1  the  yellowish  clay  again  covered  the  sand 
and  gravel.     This  valley  also  seems  to  run  in  a  northerly  direction. 

The  nearest  section  to  that  in  Gower  Place  which  has  yet  been 
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described  is  the  following  at  Gower  Street  Station,  giren  by  Mr. 
Wbitaker  (op.  eit.  vol.  ii.  p.  321) : — 

"  Made  ground,  4  to  5  [feet]. 
Sand  and  grayel,  with  yellow  clay,  13  to  17  [feet]. 
London  Oay,  yellow  at  top,  up  to  5  feet,  or  abore  the  line  (risee 
eaatward)". 

The  amount  of  yellow  day  is  not  stated,  but  it  is  interesting  to 
note  that  it  extends  northwards  in  that  direction.  The  London 
Clay,  which  is  stated  to  rise  eastwards,  evidently  bounds  the  valley 
which  crosses  Gowex  Place  in  a  northerly  direction. 

§  4.  Uppbb  WoBTTBir  Place  akb  the  Eastern  side  of 
Tavistock  Sqvabe. 

From  the  south-eastern  comer  of  Tavistock  Square  to  the  northern 
end  of  Upper  Wobum  Place  there  is  a  fall  towards  the  north  in 
the  present  surface  of  about  5  feet,  and  the  excavations  which  have 
been  made  show  a  fall  in  the  London  Clay,  in  the  same  direction,  of 
about  3  feet.  The  excavations  were  not  opened  out  to  the  surface 
continuously  along  this  line,  but  tunnels  were  made,  in  places, 
between  the  openings.  The  materials  removed  from  the  tunnels 
which  were  brought  to  the  surface  consisted  of  dark  blue  day,  with 
numerous  septaria,  fragments  of  iron  pyrites,  &c.  The  tunnds  here, 
being  nowhere  nearer  than  about  20  feet  to  the  surface,  were  well 
in  the  London  Clay  and  bdow  all  the  newer  deposits,  whidi  did  not 
in  any  part  reach  downwards  to  more  than  about  14  feet  from  the 
surface  of  the  road. 

At  the  corners  of  Tavistock  Square  very  wide  excavations  were 
made,  and  excellent  sections  of  the  deposits  were  exposed,  of  which 
the  following  are  the  details : — 

(a)  North-eastern   end  of  Tayistock  Square,  and  extending  into  Upper 
Wobum  Place. 

Made  ^und,  with  stained  olay  at  the  lower  part,  7  feet 

Yellowish  day,  1  foot. 

Sand  and  sanay  gravel,  5  feet 

London  Olay. 
(6)  Sonth-eastem  comer  of  Tavistook  Square,  and  extending  into  Taristock 
Street 

Made  ground,  6  feet 

Yellow  olay,  2  feet. 

Yellow  loamy  sand,  1  foot 

Sandy  grayel,  5  feet 

London  Olay. 

§  5.   SoUTHEBir  SIDES  OF  TjLVIBTOCK  AND  GOBDOIT  SqUABBS. 

The  excavations  along  this  line  were  carried  to  depths  from  the 
BurfjEbce  varying  from  17  feet,  at  the  south-western  comer  of  Gordon 
Square,  to  25  feet  at  the  south-eastern  comer  of  Tavistock  Square. 
In  Tavistock  Square  tunnels  were  made  to  connect  the  openings,  but 
in  Gordon  Square  the  excavations  were  carried  along  continuoudy. 

aJ.G.S.No.  191.  2  k 
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The  fall  in  the  present  surface  of  the  ground  along  this  line  is 
from  the  western  to  the  eastern  side,  the  height  opposite  Torrington 
Square  being  86  feet  compared  with  82  opposite  Lower  Woburn  Place. 
In  the  London  Clay  floor  as  seen  in  the  section  facing  this  page  (fig.  3, 
III.  on  the  Map)  &ere  is  a  wide  but  shallow  valley,  which  is  deepest 
at  the  south-eastern  comer  of  Gordon  Square,  with  a  fall  apparently 
in  the  direction  of  the  Endsleigh  Street  vaUey.  The  deposits  along 
this  Hne  showed  very  little  variability,  but  the  sand  and  gravel 
attained  a  greater  thickness  at  the  south-eastern  comer  of  Gordon 
Square.  Here  also  there  were  many  streaks  of  a  bluish  day  in  the 
sand  (e).  Sometimes  the  upper  part  of  the  clay  (h)  was  deeply 
stained  from  percolation  through  the  '  made  ground ' ;  but  all  along 
its  position  was  well-marked. 

Towards  the  south-western  side  of  Gordon  Square  it  was  found 
that  previous  excavations  had  been  made,  and  all  the  sand  and 
gravel  removed  for  a  space  of  about  150  feet,  for  nothing  but  brick- 
rubbish  and  refuse-material  rested  here  on  the  London  Clay  floor. 
Beyond  this,  towards  Torrington  Street,  the  usual  succession 
showing  clay,  sand,  and  gravel  was  again  met  with,  and  in  an 
opening  in  Torrington  Street  (beyond,  but  in  a  line  with  the  section) 
the  yellow  day  attained  a  thickness  of  about  7  feet,  and  yellow  sand 
and  gravd  were  brought  up  &om  bdow.  The  London  Clay  comes 
within  16  feet  of  the  surface  at  the  south-eastern  comer  of  Gordon 
Square,  and  the  deepest  part  of  the  excavation  there  was  17|  feet. 
Between  this  point  and  Torrington  Street  is  the  shallowest  part,  in 
which  the  new  sewer  has  been  laid,  and  the  fall  is  directed  eastwards 
along  the  line  of  the  section  (^.  3). 

§  6.  GoKDON  Stbebt  and  the  Wbstbbn  side  of  Gordon  SauABB. 

The  excavations  along  this  line  were  the  last  made  and  are  only 
just  completed.  In  the  deepest  part,  down  the  length  of  Gordon 
Street,  tunnels  were  bored  to  connect  the  openings,  but  in  Gordon 
Square  one  continuous  opening  was  made.  The  fall  in  the  present 
surface  is  slightly  northward,  but  the  underlying  floor  of  London 
Clay  exhibited  a  somewhat  irregular  surface,  with  a  more  marked 
depression,  reaching  to  a  depth  of  21  feet,  at  the  north-western 
corner  of  Gordon  Square. 

Near  the  southern  end  of  Gordon  Street,  in  a  loamy  day  brought 
up  from  below  the  gravel,  at  a  depth  of  about  18  feet  from  the  surface, 
the  seeds  of  Banimculiis  r&pens,  Bumex,  and  Polygonum  Perskaria 
were  recognized  by  3£r.  Clement  Eeid.  The  great  amount  of  water 
here  prevented  me  from  obtaining  good  samples  of  the  loam,  other- 
wise a  more  complete  flora  could  doubtless  have  been  made  out.  It 
will  be  noticed  that  the  seeds  recognized  are  those  of  plants  found 
also  in  Endsleigh  Street,  in  association  with  the  mammsdian  remains 
(see  p.  458).  In  these  two  places  we  have  therefore  evidence  of  the 
flora  which  grew  on  this  old  land-surface  when  the  great  herbivorous 
mammals  roamed  over  it. 

In  tihe  main  excavation  at  the  north-western  comer  of  Gordon 
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Square  the  gravel  attained  a  thickness  of  9  feet,  the  overlying  sand 
about  2  feet,  and  the  yellow  clay  over  4  feet  The  '  made  ground ' 
here  averaged  about  6  feet  in  thickness.  The  lower  part  of  the  olay 
(()  in  the  section  facing  this  page  (fig.  4,  lY.  on  the  Map)  was  very 
oalcareous  here,  and  continued  so  for  some  distance  southwards  in 
Gordon  Square.  Between  the  loamy  sand  and  the  day,  and  in  places 
in  the  latter,  there  was  also  a  gravelly  day ;  in  this  I  found  many 
fragments  and  several  well-preserved  specimens  of  shells  which  had 
evidently  been  derived  from  the  London  Olay.  This  find  is  important, 
not  only  as  proving  that  much  of  this  yellow  clay  must  have  been 
derived  from  the  London  Clay,  but  also  as  showing,  from  the  oon- 
dition  in  which  the  specimens  were  found,  their  occurrence  at  one 
place  only,  and  at  that  place  in  fair  abundance,  that  they  must  have 
been  transported  to  this  spot  by  ice. 

An  examination  of  the  fragments  and  pebbles  in  the  graveUy  day 
in  which  the  shells  were  found  leads  to  the  condusion  that  they 
might  have  been  derived  from  the  combined  denudation  of  Chalk, 
London  Clay,  and  a  deposit  resembling  in  a  marked  degree  the  gravel 
described  by  Prof.  Hughes  in  Hertfordshire  as  the  '  gravel  of  the 
Upper  Plain.'  ^  Quartz-pebbles  axe  unusually  plentiful  in  it,  gene- 
rally small,  but  frequently  from  half  an  inch  to  an  inch  across. 
There  are  also  quartzite  pebbles,  and  worn  fragments  of  diert, 
lagstone,  &c. 

The  marked  resemblance  between  the  gravelly  part  of  this  deposit 
and  the  gravel  occurring  as  enclosed  patches  in  the  brown  day  with 
*  race '  at  Finchley  and  Hendon  presented  itself  very  forcibly  to  my 
mind,  and  a  careful  comparison  made  since  has  proved  that  they  are 
almost  identical  in  composition.  The  patches  in  the  brown  day  at 
Finchley  and  Hendon  could  hardly  have  been  deposited  otherwise 
than  as  frozen  masses,  and  I  think  the  evidence  here  points  to  the 
means  of  transport  as  having  been  ice,  with  a  subsequent  slight  re- 
adjustment of  the  materials  by  water-action.  The  presence  of  so 
much  calcareous  matter,  of  so  many  quartz-pebbles,  and  of  many 
unbroken  shells  would  indicate'  the  direct  transport  to  this  spot  of 
the  materiaL 

The  shell  most  plentifully  found  is  a  Peetunoulfu,  derived  from 
one  of  the  basement-beds  of  the  London  Clay,  and  as  these  beds  are 
nowhere  exposed  in  the  immediate  neighbourhood,  but  occur  on  the 
Hertfordshire  plateau,  in  places,  under  the  Plateau  Gravd,  it  seems 
reasonable  to  suppose  that  the  shells  were  transported  direcdy  with 
the  gravel  to  the  spot  in  Gordon  Square  where  they  are  now  found. 
It  is  well  known  that  they  are  very  brittle,  even  in  the  original  bed, 
hence  a  very  slight  amount  of  water-action  would  have  entirdy 
shattered  them,  and  no  complete  valves  could  have  been  fbund  at  any 
distance  from  the  parent  bed.  Some  of  the  '  race '  found  so  abun- 
dantly in  parts  of  the  clay  is  probably  due  to  the  decomposition  of 
septaria  from  the  London  Clay,  but  it  seems  equally  probable  that  it 
has  in  part  been  derived  from  dissolved  Chalk. 

^  Quait.  Joum.  Qeol.  Boa  vol  niv.  (1868)  p.  284. 
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The  sands  and  gravels  below  the  clay  in  these  sections  axe  nsnally 
of  a  bright  yellow  colour,  but  in  places  they  are  more  deeply  iron- 
stained.  Large  flints  and  masses  of  sarsen-stones  were  occasionally 
found  in  the  gravel,  though  on  the  whole  the  pebbles  and  fragments 
were  rather  small.  There  were  many  weLL-rounded  pebbles  from 
the  Tertiary  beds,  but  the  majority  of  the  flints  were  subangular. 
A  few  pebbles  of  quartz  and  quartzite  were  found,  and  also  frag- 
ments derived  from  the  Lower  Greensand.  There  appeared  to  be 
few,  if  any,  very  fax-travelled  rocks,  such  as  are  present  in  the 
uppermost  Boulder  Clay,  a  few  miles  to  the  north. 

On  the  other  hand,  the  materials  resemble  in  a  marked  manner 
those  which  occur  in  the  sands  and  gravels  which  at  Finchley  and 
Hendon  underlie  the  brown  clay  with  *race.'  This  brown  clay 
occurs  below  the  Upper  Boulder  Clay,  which  contains  large  frag- 
ments of  chalk,  large  unworn  flints,  and  numerous  northern  erratics, 
and  there  is  usually  a  varying  thickness  of  unstratified  gravel  sepa- 
rating the  days. 

§  7.  Conclusions. 

The  old  land-surface  under  Endsleigh  Street,  on  which  the 
Mammoth  died,  is  almost  exactly  60  feet  above  the  present  sea-level. 

The  deposits  which  subsequently  accumulated  over  the  remains 
were  evidently  laid  down  in  moderately  tranquil  water,  otherwise 
the  bones,  especially  those  of  the  young  Mammoth,  would  not  have 
remained  so  near  together.  The  epiphyses  of  the  long  bones  were 
found  dose  to  the  shafts,  and  unless  the  animal  was  suddenly 
buried  in  sediments  accumulated  in  fairly  quiet  waters  such  as  those 
of  a  lake,  the  epiphyses  would  have  been  readily  moved  as  soon  as 
the  soft  tissues  and  cartilage  decayed.  Except  in  caverns,  where 
the  bones  in  their  fresh  state  must  have  been  carried  in  by  hysenaa 
and  other  beasts  of  prey,  it  has  been  diflicult  in  many  cases  to 
determine  the  exact  horizon  at  which  the  Mammoth  lived,  since  the 
bones  have  as  a  rule  been  removed  from  the  spot  where  the  aninud 
died,  and  re-deposited  in  newer  sediments.  Here,  however,  we  have 
the  old  land-surface,  and  evidence  of  the  contemporaneous  flora  in 
the  loam  in  which  the  bones  were  embedded. 

An  examination  of  the  sections  in  this  area,  and  also  in  adjoining 
areas,  shows  that  there  is  a  well-marked  sequence  in  the  deposits. 
Inunediately  over  the  bones  there  was,  first,  a  fairly  rough  gravel ; 
this  was  followed  by  a  sandy  gravel  with  smaller  pebbles,  and  the 
latter  was  overlain  by  a  fine,  somewhat  loamy  sand  with  occasional 
seams  of  clay.  Above  this  came  the  yellowiBh  day  containing 
'  race,'  derived  shells,  and  here  and  there  patches  of  gravel  and 
scattered  flints.  It  would  appear  from  some  of  the  sections  that 
there  might  also  have  been  some  sand  and  gravel,  in  places,  over 
the  clay ;  but  as  this  sand  and  gravel  was  everywhere  much  stained 
by  percolation  of  water  through  the  *  made  ground,'  I  have  preferred 
not  to  mark  it  as  distinct  from  the  disturbed  material. 

The  following,  in  my  opinion,  are  the  main  changes  whidi  may 
be  deduced  from  a  study  of  the  sediments,  &o. : — 
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(i)  An  uneyen  land-eurface  with  a  flora  indicatiye  of  a  dimate 

that  was  gradually  becoming  colder, 
(ii)  Migration    of  the  Mammoth  and  other    northern  animals 
southwards    in  advance  of  an    ice-sheet,  or    of    glaciers 
radiating  from  various  northern  and  north-western  centres. 

(iii)  Accumulation  of  materials  on  plains  and  in  valleys,  conveyed 
by  water  derived  from  melting  ice  and  snow  passing  over 
soft  deposits.  The  mammalian  remains  on  the  old  land- 
surface  would,  at  this  time,  be  either  covered  over  or  trans- 
ported from  higher  to  lower  ground. 

(iv)  A  further  advance  of  the  ice  reaching  to  within  a  short  distance 
of  this  area,  and  the  deposition  at  Finchley,  &c.,  of  the 
Upper  Boulder  Clay  with  many  northern  and  far-travelled 
erratics, 
(v)  Eetreat  of  the  ice,  and  the  accumulation  of  the  more  recent 
Thames  Valley  gravels,  and  of  some  surface-deposits. 

Discussion. 

The  Pbssidbnt  congratulated  the  Author  on  his  good  fortune  in 
finding  these  magniflcent  specimens  in  London.  It  was  remarkable 
that  no  remains  of  Mammoth  had  been  found  in  the  7|  acres  of 
gravel  turned  over  in  digging  the  foundations  of  the  new  Law-Courts. 
But  there  was  no  doubt  a  difference  between  the  80-feet  plateau  at 
Endsleigh  Gardens,  and  the  sloping  surface  between  the  40-  and 
60-feet  contour  on  which  the  gravel  of  the  Law-Courts  occurred. 
It  must  be  remembered  that  the  discovery,  though  interesting,  was 
not  absolutely  new,  for  so  long  ago  as  1715  the  Mammoth  was  found 
in  deposits  on  the  same  plateau  (at  Gray's  Inn  Lane)  along  with  a 
Pals&olithic  implement. 

Mr.  MoNCKTON  remarked  that  the  clay  with  flints  and  '  race '  was 
very  unlike  the  Chalky  Boulder  Clay ;  even  at  Homchurch  the  Boulder 
Clay  was  full  of  lumps  of  chalk,  and  yet  that  place  was  much 
f ar&er  from  the  Chalk  outcrop  than  Euston  Station.  He  looked  upon 
the  Endsleigh  Gardens  deposit  as  newer  than  the  Chalky  Boulder 
.Clay,  and  thought  the  materials  of  the  sands  and  gravels  might  have 
come  from  older  gravels,  and  the  Pectunculus  from  London  Clay  of 
the  neighbourhood.  He  did  not  consider  *  race  '  evidence  of  Glacial 
age.  He  was  very  glad  to  find  that  the  Author  did  not  suggest  a 
submergence  or  marine  agency  in  connexion  with  the  sands,  gravels, 
&c.,  described  in  the  paper. 

Sir  Heztbt  Howorth  also  spoke. 

The  AiJTHOK  thought  that  Sir  Henry  Howorth  had  met  the  case 
exactly  by  emphasizing  the  fact  that  the  bones,  when  undisturbed, 
always  occurred  under  the  whole  of  the  deposits.  The  latter  cannot 
be  correlated  with  the  low-lying  river-gravels,  but  they  resemble  in 
a  marked  manner  the  Glacial  deposits  at  Finchley  and  Hendon. 
The  day  with  ^  race '  is  very  widespread,  and  is  met  with  at  different 
levels  over  most  of  the  undulating  plain  of  North-west  Middlesex. 
At  Finchley  it  underlies  a  great  thickness  of  Chalky  Boulder  Clay, 
with  northern  erratics. 
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In  reply  to  Mr.  Monckton,  the  Author  said  that  the  Hampstead 
and  Highgate  Hills  would  not,  in  any  way,  interfere  with  the  out- 
spreading of  this  material  firom  a  north-western  area  to  the  dia- 
triot  referred  to  in  this  paper,  as  the  inclination  of  the  surface  was 
more  or  less  gradual  from  the  Hertfordshire  Upper  Plain  to  thia 
point. 

The  Author  had  heen  informed  by  Mr.  H.  B.  Woodward  that  in  a 
cutting  made,  near  Wembley  Park,  for  a  new  railway-fltation  on  the 
Metropolitan  extension  Hue,  3  miles  south-west  of  Hendon,  some 
Pleistocene  mammalian  remains  were  found  in  October  1890.^  They 
occurred  in  the  brown  clay  with '  race,'  therefore  they  had  evidently 
been  transported  from  higher  ground.  During  the  present  year,  at 
Finchley,  fragments  of  bone  belonging,  as  the  Author  believes,  to  the 
Mammoth,  were  found  in  the  lowest  gravel.  This  proves  that  the 
animals  must  have  died  before  any  of  the  Glacial  deposits  which  now 
occur  at  Finchley  had  accumulated. 

^  [The  following  are  the  partioulars  oommonicated  to  the  Author  by  Mr.  H.  B. 
Woodward : — In  a  cutting  made  near  Wembley  Park  for  a  new  railway-statioa  on 
the  Metropolitan  extension  line,  there  was  opened  up,  in  October  1890,  a  deposit 
consistinff  mainly  of  re-constructed  London  Olay.  In  this  daj  there  was  a  band 
of  grayei,  about  one  foot  in  thickness,  having  a  clayey  matrix,  and  oontaininc 
flint-pebbles  and  fragments  of  septaria.  The  disposition  of  the  gravel  indicated 
a  basm-shaped  arrangement  of  tne  deposit,  but  it  is  possible  that  the  aocoma- 
lation  may  nave  been  disturbed  by  local  slipping  of  the  strata.  The  section 
showed  altogether  about  10  feet  of  clay  with  the  gravel  band  near  the  base,  and 
remains  of  Hippopotamus,  &c,  were  obtained  from  the  gravel  and  also  from  the 
portions  of  day  exposed  just  beneath  it.  The  deposit  occurs  on  the  slope  of  a 
hfll,  in  the  higher  portion  of  the  Brent  Valley,  away  horn  the  main  stream.] 
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31.    On  DELPHINOeNATKUS  CONOCBPHALtrS   (SeELEY)  ^TOm  the  MiDDLB 

Eaboo  Beds,  Caps  Golokt,  preserved  in  the  South  African 
Museum,  Capetown.  By  K.  G.  8ebley,  Esq.,  F.R.S.9  F.G.S.9 
Professor  of  Geography  and  Lecturer  on  Geology  in  King's 
CoUege,  London.     (Bead  May  25th,  1892.) 

The  sknll  herein  described  is  the  only  portion  of  the  animal  collected. 
No  locality  for  it  is  recorded  in  the  South  African  Museum,  but 
Mr.  Thomas  Bain,  the  Government  geologist  in  Cape  Colony,  believes 
it  to  have  been  collected  by  himself  from  near  Beaufort  West.  It  is 
slightly  distorted  with  the  folding  of  the  strata.  The  preservation 
of  the  specimen  leaves  something  to  be  desired,  for  the  pre-orbital 
region  is  more  or  less  obscured  by  weathering,  which  has  destroyed 
the  superior  contour  of  the  snout,  the  alveolar  border,  and  the  ante- 
rior extremity  of  the  jaws.  The  occipital  condyle  and  much  of  the 
occipital  plate  from  the  back  of  the  skull  are  also  lost.  But,  notwith- 
standing these  defects,  the  skidl  is  the  most  interesting  Anomodont 
preserved  in  Gape  Colony,  and  indicates  a  new  feuD^y  of  fossil 
Beptilia. 

The  head  is  characterized  by  its  broad,  high,  vertical  occipital 
plate.  The  broad  subpentagonal  roof  to  the  brain-case  (fig.  2)  ascends 
laterally  from  the  inclined  temporal  r^on,  and  is  elevated  in  a  cone, 
which  terminates  in  a  large,  circular,  crater-like  parietal  foramen. 
The  skull  has  large  sub-circular  vertical  orbits,  placed  far  backward 
above  the  hinder  extremity  of  the  lower  jaw,  so  as  to  converge 
forward.  The  temporal  fossae  are  short  and  small,  owing  to  the 
position  of  the  orbits  and  the  width  of  the  cerebral  region.  The 
quadrato-squamosal  region  is  directed  obliquely  forward,  and  forms 
a  vertical  articular  surface  to  articulate  with  the  lower  jaw,  which  is 
singularly  deep  posteriorly,  and  suggests  the  jaw  of  a  porpoise  in  its 
form. 

The  skull  is  now  31  centim.  long,  but  was  probably  somewhat 
longer.  The  occipital  plate  was  higher  than  wide.  It  extends  24 
oentim.  above  the  inferior  margin  of  the  mandible.  The  bones 
which  compose  the  plate  lie  in  a  vertical  plane,  and  are  conditioned 
as  in  Dvcynodon  and  its  allies,  but  their  several  limits  cannot  be 
traced.  The  transverse  measurement  of  the  back  of  the  head  over 
the  foramen,  magnum  is  20  centim.,  and  at  the  lateral  borders  the 
squamosal  bones  are  prominent.  Those  bones  make  the  external 
narrow,  vertical  borders  of  the  small  temporal  vacuities.  The 
vertical  measurement  from  the  base  of  the  occipital  condyle  to  the 
summit  of  the  occipital  plate  is  16  centim.;  the  superior  lateral 
contours  of  the  plate  converge  upward  in  half  an  ellipse.  Inferi* 
orly,  there  is  only  a  slight  narrowing  caused  by  a  slight  approxi- 
mation of  the  squamosal  bones  in  the  region  of  the  condyles  for 
the  lower  jaw.  The  foramen  magnum  is  not  clearly  evidenced,  but 
appears  to  have  been  small,  narrow,  and  vertical,  not  more  than  2*7 
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centdm.  high  by  1*3  centim.  wide.  The  occipital  condyle  is  inferred 
from  the  firactore  to  have  been  fully  4  centim.  wide.  The  exoccipital 
bones  as  preserved  are  large  and  extend  outward  and  slightly 
upward.  On  their  infero-lateral  borders  they  receive  the  quadrate 
bones,  which  lie  internal  to  and  behind  the  squamosal  bones.  The 
quadrate  bones  extend  below  the  occipital  condyle ;  their  posterior 
surfaces  are  flattened,  inclined  somewhat  forward,  and  vertical  when 
seen  £rom  behind.  JSach  quadrate  bone  terminates  in  a  pedicle, 
with  a  vertical  condyle  which  looks  forward  (flg.  1),  is  saddle-shaped, 
4  centim.  wide,  and  relatively  shallow,  concave  transversely  and 
convex  from  front  to  back.  The  transverse  width  of  the  interspace 
between  the  condyles  of  the  quadrate  bones  is  6  centimetres.  The 
8uprarH)coipital  bone  is  a  sub-quadrate  ossification  above  the  foramen 
magnum,  which  lies  between  the  exoccipital  bones.  The  details  of 
these  elements  of  the  occipital  plate  are  lost,  and  its  lateral  margin 
is  injured  by  fracture. 

The  interparietal  bone  appears  to  form  the  summit  of  the 
occipital  plate  as  in  Dicynodonts.  It  is  of  transversely  oblong  form, 
has  a  squamous  union  with  the  supra-occipital,  and  lies  in  front  of 
that  bone  so  that  it  is  partly  overlapped  by  it.  It  shows  a  slight 
median  vertical  ridge. 

The  superior  surface  of  the  skull  comprises  a  long,  narrow, 
triangular  pro-orbital  portion  which  is  badly  preserved ;  and  a  re- 
markably wide  sub-pentagonal  supra-cerebral  region  behind,  which 
is  defined  by  the  occipital  plate  behind,  and  laterally  by  the  borders 
of  the  temporal  vacuities,  and  by  the  orbits.  The  transverse  width 
of  the  post-orbital  mass  is  about  11*5  centim.  It  rises  in  the  form 
of  a  cone  to  a  height  of  several  centimetres  above  the  level  of  the 
frontal  margin  of  the  orbit,  and  terminates  superiorly  in  a  large 
circular  parietal  foramen  which  is  nearly  2  centim.  in  diameter. 
The  middle  of  this  foramen  is  situate  vertically  above  the  posterior 
border  of  the  orbit.  The  external  surface  of  the  cone  is  smooth, 
and  furrowed  with  vascular  impressions  which  radiate  in  every 
direction.  If  the  foramen  were  fancifully  compared  to  the  crater  of 
the  cone,  these  markings  would  simulate  the  irregularities  of  lava- 
streams. 

This  conical  crown  to  the  head  descends  posteriorly  and  laterally 
into  the  temporal  vacuities,  which  are  convex  from  above  downward, 
concave  from  back  to  front,  and  marked  with  longitudinal  ridges. 
The  antero-posterior  measurement  of  the  vacuity  is  5  centim. ;  and 
the  measurement  is  11  centim.  from  the  summit  of  the  parietal 
cone  to  the  superior  margin  of  the  squamosal  bone,  which  defines  the 
temporal  fossa.  That  vacuity  is  limited  in  front  by  the  post-frontal 
bone,  which  forms  the  posterior  border  of  the  orbit.  The  malar  bone 
may  be  excluded  from  the  zygoma,  which  descends  as  a  nearly 
vertical  curved  bar  extending  from  the  frontal  to  the  squamosal. 

The  orbit  of  the  eye  is  7  centim.  in  diameter,  nearly  circular, 
vertical,  and  looks  outward  and  forward.  The  frontal  bone  which 
presumably  forms  its  upper  border  is  thickened,  rounded,  and  marked 
with  small  vascular  impressions.     This  inflated  superior  margin  is 


Digitized  by  VjOOQ IC 


472 


PBOF.  H.  G.  BEXLET  OK  DELPHIKOeNATHtrS  00N0CEPHALV8. 


prolonged  downward  by  the  post-frontal  bone  which  forms  ihe 
hinder  border  to  the  orbit.  The  bone  twists  as  it  descends,  so  that 
its  lower  extremity,  which  has  lost  the  inflation  of  its  upper  part,  is 
nearly  in  the  same  plane  with  the  squamosal  bone.  It  is  from  2  to 
2*5  centim.  wide.    There  is  an  excavation  behind  its  posterior  angle^ 

Pig.  2. —  View  of  upper  portion  of  Skull  of  DelphinognathxiB. 


|nat.  I 


o  =  occipital  margin. 

8  =  squamosal  bone. 
pt  =  post-frontal  bone. 
or  =  margin  of  orbit 


/  =  frontal  bone. 
i  =  temporal  yaouity. 
p  =  parietal  foramen. 


where  it  meets  the  squamosal  bone,  and  this  gives  a  sharp  posterior 
margin  to  the  post-frontal  bone.  The  squamosal  bone  contributes 
to  the  hinder  part  of  the  inferior  border  of  the  orbit ;  while  the  malai 
bone  forms  a  narrow  bar  on  the  antero-inferior  border  of  the  orbit. 
It  meets  the  squamosal  behind,  and  is  prolonged  downward  and 
backward  below  the  squamosal,  terminating  above  the  supra- 
condyloid  notch ;  anteriorly  it  presumably  meets  the  maxillary  bone, 
but  the  suture  is  not  evident.  The  squamosal  bone,  which  is  im- 
perfect posteriorly,  is  of  a  sub-rhomboid  form  as  preserved,  with  a 
talon  extending  downward  and  forward  to  cover  the  condyle  formed 
by  the  quadrate  bone.  It  is  flattened  on  the  vertical  external 
surface.  The  infero-posterior  outline  is  nearly  straight,  becoming 
concave  towards  the  quadrate  condyle,  and,  as  preserved,  is  about 
11  centim.  long.  The  oblique  transverse  measurement  from  that 
border,  which  is  rounded  from  within  outward,  to  the  orbital  margin 
is  about  7*5  centimetres. 

The  condyle  is  about  4  centim.  deep,  but  behind  the  vertical 
articular  surface  the  bone  is  a  little  constricted  from  above  down- 
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ward.  This  is  partly  due  to  a  remarkable  sub-ovate  notch,  between 
2  and  3  centim.  wide  and  deep,  which  excayates  the  bone  above  it 
in  front.  The  upper  border  of  the  excavation  is  made  by  the  malar 
bone.  I  am  not  aware  of  a  similar  excavation  in  any  other  animal, 
though  the  quadrate  bone  is  similarly  inclined  forward  in  some 
OmitiiosaurB  and  some  Lacertilians. 

As  the  malar  bone  extends  forward  its  contour  ascends,  so  that 
tihe  hinder  margin  of  the  jaw  forms  a  concave  arch,  the  summit  of 
which,  as  preserved,  is  elevated  above  the  inferior  border  of  the  orbit. 
The  state  of  preservation  does  not  demonstrate  the  characters  of 
die  anterior  maxillary  alveolar  border,  but  the  jaw  was  probably 
straight  and  not  concave  in  the  dentary  region  as  in  the  present 
state  of  the  specimen. 

The  frontal  bones  appear  to  be  paired  at  their  anterior  extremi- 
ties. The  nasal  region  is  compressed,  and  prolonged  the  elevated 
fh>ntal  area  forward  for  some  distance,  before  the  jaw  descended 
towards  its  anterior  extremity. 

The  exact  position  of  the  anterior  nares  is  not  quite  manifest, 
though  they  appear  to  be  some  distance  in  front  of  the  orbits  and  close 
toge^er.  The  bones  in  the  median  line  of  the  snout  only  show 
that  the  jaw  becomes  much  depressed  in  firont.  No  teeth  are  seen 
at  its  anterior  extremity ;  on  the  right  side  the  alveolar  border  is 
not  preserved,  and  on  the  left  side  it  is  covered  by  the  displaced 
lower  jaw.  The  maxillary  teeth  have  mostly  disappeared,  and  the 
few  which  remain,  imperfectly  preserved,  show  a  cylindrical  type 
not  altogether  unlike  that  of  Proeohphon^  only  the  crowns  are  more 
inflated. 

The  lower  jaw  is  short  and  remarkably  deep  behind  the  teeth. 
Owing  to  the  quadrato-squamosal  articidation  of  the  skull  being 
below  the  mid<Ue  of  the  orbit,  and  the  circumstance  that  the  lower 
jaw  is  not  prolonged  backward  behind  the  condyle,  it  is  much 
shorter  than  the  skuU.  Its  coronoid  region  forms  a  sort  of  coronoid 
process  which  exactly  corresponds  with  and  fits  into  the  concavity 
in  the  palatal  contour  in  front  of  the  orbit,  formed  by  the  malar 
and  squamosal  bones.  The  hinder  portion  of  this  outline  ib  long, 
straight,  oblique,  and  connects  the  rounded  coronoid  eminence  witii 
the  vertical  articulation  of  the  lower  jaw.  The  inferior  outline  of 
the  lower  jaw,  convex  behind,  concave  in  the  middle,  is  necessarily 
developed  downward  as  it  extends  backward ;  so  that,  though  the 
total  length  of  the  mandible  as  preserved  is  only  20  centim.,  the 
depth  below  and  behind  the  coronoid  is  about  13  centimetres. 
Hence  the  posterior  half  of  the  jaw  has  the  aspect  of  being  bent 
downward  at  an  angle  of  45^  with  the  dentary  part,  while  its  form  is 
obliquely  oblong,  and  nearly  twice  as  deep  as  is  the  dentary  region. 
The  articular  condylar  suiface  is  vertical,  and  so  situate  on  the 
infero-posterior  extremity  of  the  bone  as  to  give  the  impression 
that  the  larger  part  of  the  jaw  is  superior  in  position  to  the  articu- 
lation. The  inferior  border  of  the  dentigerous  region  would  about 
pass  through  the  middle  of  the  condyle.  It  Ib  therefore  manifest 
that,  as  the  jaw  extends  forward,  its  vertical  depth  contracts,  chiefly 
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owing  to  the  concavity  of  the  inferior  border ;  by  this  contraction 
it  is  diminished  to  about  6  centim.  behind  the  last  tooth,  and  not 
more  than  5  centim.  at  the  anterior  extremity  of  the  jaw,  which 
is  manifestly  imperfect.  The  external  layer  of  bone  is  lost  in  the 
alveolar  region,  but  about  half-a-dozen  closely- set  cylindrical  teeth 
with  conical  crowns  are  preserved.  The  interspaces  between  the 
teeth  are  narrow.  A  slight  cinguloid  constriction  defines  the  crown 
of  the  tooth,  which  is  convex,  and  inflated  as  far  as  it  is  exposed, 
but  the  summit  of  the  crown  is  not  seen.  The  cylindrical  roots  are 
about  5  or  6  millim.  in  diameter.  Successional  teeth  rise  within  the 
sockets  on  the  inner  side.  On  the  left  side  the  traces  of  the  teeth 
are  less  satisfactory. 

The  lower  jaw  is  composite  and  appears  to  show  on  the  external 
surface  the  dentary,  coronoid,  angular,  surangular,  and  articular 
elements,  though  their  limits  are  indefinite.  The  jaw  is  flat 
externally,  like  that  of  a  porpoise,  and  the  rami  similarly  converge 
forward,  but  no  trace  of  a  symphysis  is  to  be  seen.  There  is  a 
vascular  foramen  above  the  condyle,  about  midway  between  its  upper 
margin  and  the  summit  of  the  coronoid  process. 

In  the  general  form  of  the  skull  there  is  some  resemblance  to  an 
Artiodactylate  mammal  in  the  large  size  and  badkward  position  of 
the  vertical  orbit,  with  its  posterior  boundary,  and  in  the  elongated 
form  of  the  pre-orbital  region,  though  the  arch  which  supports  the 
lower  jaw  is  unlike  that  in  any  mammal.  The  lower  jaw  can  only 
be  compared  to  that  of  the  Dolphin  tribe  in  form  and  in  dentition, 
as  preserved.  These  superficial  resemblances  are  the  more  inte- 
resting because  the  characters  of  the  occiput,  in  so  far  as  they  are 
preserved,  so  closely  conform  to  the  Anomodont  type  of  the  Dicy- 
nodontia  as  to  leave  no  ground  for  reasonable  doubt  that  the  genus 
must  be  included  in  the  Anomodont  order.  The  characters  of  the 
poet-orbital  region,  however,  are  all  different  from  those  of  every 
type  hitherto  comprised  in  that  order.  The  differences  appear  to  be 
more  than  those  of  a  family ;  they  are  especially  the  forward  direc- 
tion of  the  quadrate  bone,  the  excavation  above  the  condyle  which 
it  forms,  the  short  post-orbital  region,  and  the  depth  of  the  zygo- 
matic bar,  relatively  to  its  short  length.  The  teeth  are  quite 
consistent  with  reference  to  the  Theriodontia,  though  there  is 
no  evidence  preserved  of  incisors  or  canines ;  for  I  conceive  that 
Theriodonts  may  develop  dental  modifications  as  varied  as  those  of 
Mammals.  ^urosaurus  has  the  orbit  large,  sub-circular,  placed 
far  backward,  with  a  short  post-orbital  region,  and  the  quadrate 
bone  directed  downward  beneadi  the  orbit  so  as  to  form  an  articu- 
lation which  faces  forward.^  The  lower  jaw  in  ^lurosaurus  simi- 
larly increases  in  depth  as  it  extends  backward.  Consideration  of 
these  facts,  which  are  so  dissimilar  to  the  corresponding  conditions 
in  the  type  of  the  Theriodontia,  GaUsaurus  planieeps,  led  me  to 
regard  uElurosaurus  felinus,  Lycosauras  curvimola,  and  their  allies 
as  referable  to  a  sub-order  Oennetotheria,  which  is  nearly  related 
apparently  to  the  Pelycosauria,  and  lies  midway  between  the  typical 
^  Owen,  Quart  Jouni.  Qeol.  Soc.  to),  xxzvii.  (1881)  pL  ix.  fig.  I. 
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Theiiodontia  and  the  Dicynodontia.  It  is  to  this  sab-order  that 
Delphinognathu8  may  be  referred,  though  it  forms  a  fjEunily  type 
distinct  ttom  the  -SlnrosanridflB,  distingmshed  by  the  oonical  parietal 
with  a  large  foramen,  the  supra-oondylar  notch,  and  other  modifi- 
cations of  the  skull  and  the  teeth. 

I  would  in  condusion  express  my  grateful  thanks  to  the  trustees 
of  the  South  African  Museum,  Capetown,  for  the  opportunity  of 
describing  this  remarkable  type. 
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82.  On  FuBTHBB  Eyidenoe  of  Endothiodok  bathtstoxa  {Owen) 
from  OuDS  Eloov  in  the  Nisuwybldt  Mouhtaihs,  Cape  GoLoirr. 
By  H.  G.  Beblet,  Esq.,  F.B.S.,  F.G.S.,  Professor  of  Geography 
and  Lecturer  on  Geology  in  King's  College,  London.  (Bead 
May  26th,  1892.) 

I  AX  indebted  to  Mr.  Thomas  Bain,  Geologist  and  Irrigation  Officer 
to  the  Government  of  Cape  Colony,  for  two  bones  collected  by  him 
in  the  Cade  Kloof,  a  pictnresqne  mountain-valley  which  traverseB 
the  Nienwveldt  range  north  of  Tamboer,  on  the  road  towards 
Fraserborg. 

The  remains  consist  of  the  left  ramus  of  the  mandible,  which  is 
almost  complete,  and  what  I  regard  as  the  left  squamosal  bone  under- 
lapped  by  the  malar  in  frout,  but  fractured  at  both  ends,  so  that  only 
the  external  zygomatic  bar  is  preserved.  Small  as  the  cranial  frag- 
ment is,  it  is  important  as  showing  that  the  back  of  the  head  pro- 
bably conformed  to  the  type  of  skull  seen  in  some  of  the  Dicyno- 
donts.    The  skull  was  as  large  as  that  of  Dicynodon  leonieepg. 

The  Ztooxahc  Bar. 

The  longitudinal  squamosal  bar  is  20  centim.  long,  compressed 
from  side  to  side  and  flattened,  with  the  superior  border  convex  in 
length.  The  convexity  is  most  marked  in  the  hinder  part,  where 
the  edge  of  the  bone  is  about  0*75  ceotim.  thick  and  rounded,  and 
the  depth  of  the  bone  in  front  of  its  hinder  termination  is  6*25 
centim.  A  wide  shallow  concavity  extends  along  the  external 
surface,  and  appears  to  be  defined  inferiorly  by  a  rugose  condition 
of  the  bone.  Anteriorly  the  depth  of  the  bar  is  a  little  less,  but 
its  thickness  augments ;  this  is  due  to  the  strong  malar  bone, 
2*5  centim.  thick,  which  forms  its  infero-anterior  border,  and  ex- 
tends behind  the  thin,  external,  zygomatic  prolongation  forward 
of  the  squamosal. 

The  inferior  margin  of  the  bar  appears  to  be  concave  in  length 
to  the  abrupt  angle  where  the  descending  bar  (if  it  was  developed) 
is  broken  away,  so  that  the  bone  has  a  depth  of  only  8^  centim. 
from  the  superior  border.  This  descendiug  bar,  so  characteristic  of 
all  Dicynodonts  and  absent  from  Theriodonts  and  the  Flacodontia, 
if  present  would  support  Sir  Eichard  Owen's  judgment  in  regarding 
Endoihiodon  as  affiliated  to  Oudenodon? 

The  Loweb  Jaw. 

The  left  ramus  of  the  mandible,  as  preserved,  is  30  centim.  long, 
but  has  apparently  lost  about  2'5  centim.  from  the  anterior 
extremity.    It  is  nearly  straight,  with  a  slight  inward  inflection  at 

^  Quart.  Journ.  Geol.  Soc.  toI.  xzxt.  (1879)  p.  657. 
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Fig.  1. — Ltfi  ramus  of  mandible  of  Endothiodon  bathystoma. 


^  nat.  size. 

t  =  teeth.  I      m  =  muscular  ezcayation,  oroesed  by  suture. 

//=  fractured  portions.  I       a  =  articulation. 


Fig.  2. — Portion  of  the  above^  showing  position  of  teeth. 


^  nat.  size. 


/=  fractured  portion. 
$  =  sTmphysis. 


ti-t^  =  teeth  in  parallel 
rows. 


Q.J,G.8.  No.  191. 
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the  posterior  extremity,  which  is  broken.  It  i*  deepest  in  front, 
below  the  commencement  of  the  teeth,  where  the  vertical  measure- 
ment is  about  10  oentim.  In  the  middle  length,  behind  the  teeth, 
the  depth  is  about  8^  centim.  and  at  the  posterior  extremity  the 
depth  is  7  centim.  The  superior  or  buccal  margin,  which  is  sharp 
externally,  is  concave  in  length  to  behind  the  teeth ;  but  the  pos- 
terior half  of  this  contour  is  convex  in  length,  with  the  bone 
flattened  above,  slightly  rounded  from  side  to  side,  and  3  centim. 
wide.  The  inferior  contour  is  convex  in  front  and  concave  behind, 
though  the  thin  inferior  part  of  the  bone  beneath  the  superior 
coronoid  convexity  is  broken  away. 

The  vertical  external  surface  converges  forward  to  the  sym- 
physis, is  flattened  at  the  side,  with  a  slight  shallow  longitudinal 
concavity  in  the  middle,  which  increases  in  depth  beneath  the 
coronoid  convexity,  where  it  appears  to  become  a  narrow  lateral 
perforation  through  the  jaw  about  10  centim.  from  the  posterior 
extremity.  The  hinder  end  of  the  jaw  is  the  condylar  articulation. 
It  is  terminal,  vertical,  convex  from  above  downward,  wider  above 
than  below,  and  deeper  than  wide ;  it  measures  7  centim.  deep  by 
4  centim.  wide  as  preserved,  but  may  have  been  heart-shaped,  with 
a  concavity  indenting  the  superior  border.  Its  lateral  and  inferior 
margin  is  rounded. 

Immediately  in  front  of  the  condyle  is  a  transversely  ovate 
excavation  in  the  external  side  of  the  jaw,  with  its  posterior 
extremity  inclined  downward.  It  is  fully  7  centim.  wide,  measured 
downward  and  backward,  and  3*75  centim.  wide  measured  upward 
and  backward.  Its  outline  is  almost  that  of  a  perfect  egg,  with 
the  wide  end  in  front.  The  floor  of  this  cavity  is  absolutely  flat 
and  vertical,  with  the  elevated  margin  rising  sll  round  it.  The 
articular  surface  of  the  condyle  forms  this  margin  behind ;  the 
upper  surface  of  the  jaw  makes  the  superior  margin ;  and  at  the 
supero-anterior  angle  the  elevation  is  least.  The  infero- anterior 
border  is  most  elevated,  rising  fully  2*25  centim.,  extending  outward 
to  a  sharp  crest,  in  front  of  which  the  thickness  of  the  bone 
diminishes  towards  the  sub-coronoid  perforation.  This  cavity  may 
have  given  attachment  to  the  masseter  muscle,  and  may  be  com- 
pared with  the  excavation  below  the  condylar  region  in  the  Lion 
and  many  mammalia. 

The  jaw  is  about  3*75  centim.  thick  in  its  anterior  half.  Not 
more  than  5  centim.  of  the  symphysis  between  the  rami  is 
preserved.  It  was  vertical,  and  its  posterior  margin,  about 
10  centim.  deep,  is  convex  from  above  downward. 

The  interns!  surface  of  the  ramus  is  flattened  in  front,  with  a 
posterior  longitudinal  concavity  in  the  region  of  the  foramen. 
The  base  is  rounded,  but  its  median  line  is  a  sharp  longitudinal 
ridge. 

The  mode  of  arrangement  of  the  teeth  has  been  described  by 
Sir  Richard  Owen  ^  as  consisting  of  three  parallel  rows,  extending 
successively  within  and  behind  each  other,  but  the  nature  of  their 
^  Op,  cU.  pi.  xjxriL 
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crowns  was  not  shown.  Prom  the  forms  of  their  bases  it  seemed 
not  improbable  that  they  might  resemble  the  teeth  of  Placodwf. 
The  present  specimen  has  the  crowns  perfectly  preserved.  The 
longest  are  more  than  2'5  centim.  high.  They  are  compressed  from 
side  to  side,  of  a  long  lanceolate  form,  with  strong  transverse 
serrations  on  the  anterior  and  posterior  margins. 

The  dentigerous  area  is  obliquely  inclined  on  the  Lacertilian  plan, 
and  the  different  groups  of  teeth,  instead  of  being  arranged  from  the 
front  backward,  as  in  Theriodonts,  succeed  each  other  in  the  opposite 
or  transverse  direction.  In  front  and  external  to  the  teeth  is  a  con- 
cave area  2*25  centim.  wide  anteriorly,  limited  by  the  buccal  margin 
of  the  bone  externally,  and  bordered  internally  by  a  short  sharp 
longitudinal  ridge,  which  prolongs  the  line  of  tjie  dentigerous  area 
forward.  The  concave  space  between  these  ridges  is  prolonged 
backward  external  to  the  teeth,  becoming  narrower.  The  first  or 
external  row  of  teeth,  which  may  be  incisors,  are  apparently  six  in 
number ;  the  crowns  are  compressed  from  side  to  side,  rather  wider 
and  shorter  than  in  the  other  parts  of  the  series.  The  second  or 
premolar  series  is  counted  with  difficulty,  but  appears  to  number 
10  teeth.  In  no  case  is  the  summit  of  the  crown  preserved,  but 
the  anterior  teeth  have  been  worn  obliquely  on  the  external  side  by 
the  t^eth  in  the  upper  jaw.  This  concQtion  is  well  shown  in  three 
anterior  crowns.  The  third  or  molar 
row  apparently  includes  15  teeth.  In 
this  series  the  serration  of  the  crown 
is  seen.  It  has  been  observed  in  nearly 
all  the  crowns,  but  from  the  nature  of 
the  matrix  it  becomes  removed  in 
process  of  development.  There  is  no 
evidence  that  it  extended  below  the 
upper  half  of  the  crown. 

There  is  a  fourth  row  of  six  teeth 
developed  on  the  inner  anterior  border. 
These  teeth  descend  in  position,  as  do 
the  hinder  molars,  as  they  extend  back- 
ward. The  two  middle  series  are 
between  and  behind  the  short  internal 
and  external  series,  which  converge 
forward ;  it  is  possible  that  this  anterior 
inner  group  may  represent  a  series 
of  canines,  more  perfectly  developed 
than  among  lizards.  There  is  remark- 
ably little  variation  in  the  forms  and 
characters  of  the  teeth  in  the  several 
rows  ;  so  that  if  the  tooth-rows  bear  the  interpretation  suggested  for 
them,  it  must  rest  upon  their  grouping,  and  not  upon  differentiation. 
The  roots  of  the  teeth  are  in  sockets,  embedded  deep  in  the  jaw. 

In  no  Anomodont  or  other  reptile  has  a  jaw  been  described  which 
in  any  way  resembles  this  in  form,  muscular  attachment,  position 
of  the  articulation,  and  form  and  arrangement  of  the  teeth. 

2l2 


Fig.  3.—T€eth  (enlarged) 
ehotxnng  serrations. 


}  nat.  size. 
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Like  80  many  of  the  South  African  fossil  bones,  this  jaw  is  in- 
vested with  a  layer  which  seems  to  me  to  be  the  remains  of  the 
original  skin.     This  layer  has  been  left  upon  the  bone. 

The  form  of  the  articular  condyle  indicates  a  difference  from 
Dicynodoniia  and  all  other  Anomodontia  hitherto  described,  which 
implies  that  the  quadrate  bone  was  inclined  obliquely  forward. 
This  character  is  probably  as  important  in  defining  the  sub-order 
Endoihiodontia  as  the  condition  of  the  teeth,  which  may  only 
distinguish  the  family  Endothiodontidce.  But  all  the  characters  of 
the  dentition  suggest  near  affinity  with  the  Theriodontia. 

DiSCUSSIOK. 

Mr.  HiTLKE  bore  testimony  to  the  great  value  of  Prof.  Seeley*s 
two  communications.  The  skull,  so  far  as  shown  by  the  present 
form,  appeared  distinct  from  all  South  African  foims  yet  known  to 
him  ;  but  he  would  speak  with  diffidence  as  to  its  generic  distinct- 
ness, because  the  frontal  plate  and  snout,  and  abo  the  occipital 
region,  were  mutilated,  and  the  specimen  had  suffered  from  wear, 
weathering,  and  compression.  As  the  Author  had  noticed,  the  very 
large  size  of  the  parietal  foramen  was  remarkable.  The  defective 
condition  of  the  surface  made  it  difficult  to  trace  the  sutures,  and 
thus  there  must  be  uncertainty  respecting  the  form  and  relation  of 
the  several  anatomical  elements  constituting  the  skull,  and  yet  in 
these  lie  the  characters  which  determine  the  affinities  and  zoological 
position  of  the  animal. 

The  lower  jaw  referred  to  Endothiodon  was  also  extremely  in- 
teresting. The  teeth  were  more  perfect  than  any  before  known  to 
the  speaker.  There  was  one  small  matter  to  which  he  would  direct 
attention :  the  upper  teeth  occur  in  rows,  separated  by  rather 
wide  intervals  ;  in  the  lower  jaw  the  several  rows  of  teeth  occur  in 
closely  ranged  series,  not  separated  by  intervals  corresponding  to 
those  between  the  upper  teeth. 

The  Author  said  he  was  unable  to  detect  any  evidence  of  crushing 
or  distortion  of  the  occipital  region  of  the  skull  of  Delphinognathus^ 
and  he  believed  the  state  of  the  specimen  warranted  the  interpreta- 
tion which  had  been  given  in  the  paper. 

He  accepted  the  association  of  the  lower  jaw  with  the  skull  of 
Endothiodon^  figured  by  Sir  R.  Owen  in  his  South  African  Catalogue, 
on  the  testimony  of  the  gentleman  who  collected  the  specimens,  and 
was  aware  of  a  degree  of  difference  in  the  superior  and  inferior 
dentition. 
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33.  NoTBB  on  the  Geology  of  the  Nile  Valley.  By  E.  A.  Johnson 
Pasha,  Chief  Inspector  of  Egyptian  Police,  mid  H.  Deoop 
EiCHHOND,  Esq.,  P.I.C.,  late  Second  Chemist  to  the  Egyptian 
GoTemment.  (Communicated  by  A.  Norican  Tate,  Esq., 
P.G.S.     Read  June  8th,  1892.) 

These  notes  refer  to  some  observations  on  the  geology  of  the  Nile, 
during  journeys  from  Cairo  to  Wady  Haifa. 

The  rocks  on  both  sides  of  the  Nile  are,  speaking  generally, 
Eocene  (and  ?  Cretaceous)  from  Cairo  to  Esneh ;  at  Esneh,  or  about 
five  miles  south,  we  enter  a  sandstone  region,  which  continues  to 
near  Assouan,  where  it  meets  the  granite  and  basalt.  A  few  miles 
south  of  Afisouan  the  sandstone  recommences  and  continues  to  Wady 
Haifa,  broken  only  by  enormous  dykes  of  granite,  which  occur  at 
£ab-el-Ealabsha  and  one  or  two  other  localities. 

The  following  points  are  worth  noticing  as  we  follow  the  Nile 
from  Cairo  to  Wady  Haifa : — 

(i)  The  saturation  with  silica  of  the  old  sand-and-gravel  beds 
overlying  the  Nummulitic  limestone  near  Cairo,  forming  sandstones 
of  all  qualities  from  an  extremely  hard  stone  to  one  that  can  be 
rubbed  down  to  powder  between  the  fingers. 

A  similar  saturation,  apparently  from  water  containing  silica  in 
solution,  is  visible  in  the  beds  overlying  the  Nummulitic  Limestone 
in  Biluchistan. 

(ii)  The  fact  that  these  old  sands  and  gravels  are  formed  from 
very  old  rocks,  principally  granitic.  They  contain  great  quantities 
of  the  Assouan  pebbles,  brown  and  red,  wholly  or  semi-transparent, 
which  were  so  largely  used  by  the  Eomans  to  cut  cameos  and 
intaglios.  Some  minerals  are  found  in  these  gravels,  notably  cobalt, 
the  source  of  which  is  unknown. 

(iii)  The  petrified  forests  of  the  same  region. 

(iv)  The  occurrence  in  greater  or  less  quantity  of  titaniferous 
magnetic  oxide  of  iron  in  the  beds  forming  the  NUe  Valley ;  above 
Assiout  this  forms  roughly  -^^^  of  the  total  bank  section,  and  is  mixed 
with  silicates  of  iron  in  a  more  or  less  advanced  stage  of  oxidation. 

The  clays  containing  it  are  darker  than  the  rest,  and  have  a  ten- 
dency to  break  away  in  perpendicular  prisms  which  in  appearance 
recall  those  of  basalt.  These  banks  assume  a  red  coloration  when 
exposed  to  the  air. 

The  ironsand  is  carried  down  by  the  Nile  despite  its  weight,  and 
careful  dredging  of  the  bottom  of  the  river  has  revealed  its  presence 
(about  1  °/o)  as  far  down  as  Cairo  ;  this  sand  probably  plays  a  very 
important  part  in  the  remarkable  process  by  which  the  natural 
purification  of  the  Nile  is  effected.  It  occurs  in  greatest  quantity 
at  Jebel  Tarif,  near  Fashoda,  and  in  the  plain  of  £t>os.^ 

^  [For  a  diBcussion  of  the  purifioation  of  the  Nile  water,  see  '  Beport  to  the 
Egyptian  GoTeminent  on  the  Kiver  Nile/  which  the  writer  hopes  to  publish  in 
a  forthcoming  number  of  the  *  Journal  of  the  Society  of  Chemical  Industry.' — 
H.  D.  B.] 
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Between  Cairo  and  Assouan  the  first  geological  feature  of  import- 
ance is  the  great  fault  at  Maghagha,  where  the  whole  mass  of 
strata  south  of  the  dividing-line  has  been  depressed  some  500  feet 
and  tilted  at  an  angle  of  30^^.  The  rocks  at  the  water's  edge  on 
the  southern  side  of  the  fault  correspond  with  the  summit  of  the 
hills  on  the  north.  The  fault  brings  to  light  great  beds  of  dark 
grey  and  green  days  beneath  the  limestones  and  the  hard  chalk 
which  underlies  these,  and  it  seems  possible  that  the  collapse  of  the 
strata  may  be  due  to  the  action  of  the  water  on  these  clays.  The 
fault  runs  nearly  due  E.  and  W.  and  seems  to  extend  to  a  consider- 
able distance  into  the  desert.  It  is  remarkable  that  those  rocks  on  the 
southern  side  which  have  sunk  to  the  water's  edge  are  less  water- 
worn  than  similarly  situated  rocks  throughout  the  length  of  the 
river ;  this  perhaps  may  indicate  that  the  faulting  has  occurred  in 
comparatively  recent  times. 

The  next  peculiar  feature  is  the  limestone  on  the  eastern  bank 
from  Kolosna  to  Sheikh  Abadeh,  which  presents  a  vast  field  of 
'  hummocks '  consisting  of  highly  crystalline  limestone  full  of  small 
holes. 

Prom  near  Minieh  to  Assiout  and  for  some  distance  south  the 
most  striking  feature  is  the  increased  number  of  pockets,  hollows, 
and  fissures  existing  in  the  limestone-rocks ;  and  the  fact  that  these 
are  filled  with,  or  have  been  for  the  most  part  filled  with,  clay 
strongly  impregnated  with  iron,  and  containing  numerous  small 
streaks  and  patches  of  dioxide  of  manganese  in  a  very  fine  stute  of 
division,  or  a  mixture  of  dioxide  of  manganese  with  clay,  &c.,  and 
carbonate  of  lime,  also  finely  divided,  and  averaging  40  y^  dioxide 
of  manganese,  20  %  carbonate  of  lime,  and  40  %  ®^  ^^J-  The 
chemical  evidence  points  to  this  partaking  somewhat  of  the  character 
of  a  calcium  manganite,  and  it  has  possibly  been  formed  by  the  per- 
colation through  the  limestone  of  water  containing  manganese  salts 
in  solution.  At  some  distance  from  the  Nile  manganese  alums 
abound,  and  these  may  possibly  have  formed  the  dioxide,  or  a 
common  source  may  perhaps  be  ascribed  to  both.  Many  of  the 
tombs  in  the  rock  have  been  pockets  of  manganese,  and  in  one 
set  at  Assiout  blocks  of  this  manganese  were  found  piled  up  in  a 
eomer,  suggesting  that  it  had  been  used  for  an  unknown  purpose  by 
the  ancient  Egyptians. 

In  Jebel  Abou  Fouda  there  are  disturbances  apparently  due  to 
the  collapse  of  underlying  strata. 

From  a  point  near  Eeneh  to  Luxor  and  thence  to  Esneh  we  find 
a  limestone  which  is  practically  chalk-with-flints,  forming  the  lower 
of  the  limestone  beds  ;  and  below  this  are  grey  and  green  clays  from 
200  to  300  feet  thick,  full  of  nodules  of  haematite,  the  smaller  nodules 
being  of  great  purity,  and  apparently  often  used  by  the  ancient 
Egyptians  to  cut  scarabs.  The  larger  nodules  are  in  general  less 
pure,  and  are  in  great  part  reduced  to  ochre,  often  of  a  very  beau- 
tiful colour.  The  fossils  of  these  clays,  which  are  Cretaceous,  are 
impregnated  with  iron  and  are  dark  brown  in  colour.  A  thickness 
of  fully  300  feet  of  these  beds  is  exposed  in  the  high  hills  about 
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10  miles  east  of  Luxor ;  they  are  also  visible  in  a  little-freqaented 
locality  near  Deir-el-Bahri  and  more  prominently  near  Nagada. 
The  haematite  nodules  lie  here  in  thick  beds,  having  apparently  been 
left  by  the  degradation  of  the  days  exposed  on  the  faces  of  the  hills. 
About  15  miles  north  of  Esneh,  at  Jebel  Ain,  the  river  passes 
between  the  upturned  limestone-beds,  which  here  have  again  sub- 
sided, the  fault  being  this  time  parallel  to  the  river.  The  calcareous 
strata  here  seem  to  be  much  thicker  than  at  Luxor,  if  one  may 
judge  by  the  number  of  successive  limestone-beds  appearing  above 
the  plain  and  lyiog  at  an  angle  of  about  30°.  Possibly,  however, 
these  outcrops  may  be  due  to  a  succession  of  faults  repeating  the 


About  5  miles  south  of  Esneh,  after  passing  through  about  1  mile 
of  very  broken  and  confused  clays  and  sand-beds  full  of  ochre  and 
ochreous  nodules,  we  come  to  the  sandstone.  This  is  chiefly  inter- 
esting from  the  fact  that  it  is  carbonaceous  and  that  it  may  be  of 
Carboniferous  age.^  A  shaft,  296  metres  deep,  still  exists  at  Eedesieh, 
in  the  hills  near  Edfoo  on  the  eastern  bank,  dug  40  years  back  in 
aearching  for  coaL  We  took  out  of  the  pit-heap  near  this  shaft  car- 
bonaceous shale  which  would  bum  if  placed  in  a  fire ;  the  mass  of 
the  strata  in  the  pit  is  pale  blue  clay.  In  the  desert  west  of  Edfoo 
are  a  series  of  clays  of  all  colours  and  thick  seams  of  impure 
hsBmatite. 

A  possible  indication  of  carbonaceous  matter  lies  in  the  fact  that 
sulphur  in  the  form  of  sulphates  occurs  in  many  beds  where  its 
presence  can  only  be  explained  on  the  assumption  that  the  beds 
themselves  were  attacked  by  sulphur  adds  (sulphurous  ?).  As  ex- 
amples we  may  quote  the  occurrence  of  calcium  (and  strontium) 
sulphates  in  the  limestone-beds  forming  the  Mokattam  Hills  between 
Cairo  and  Helouan,  and  the  basic  iron  sulphates  among  the  haematite 
of  Luxor ;  these  last  have  exactly  the  appearance  of  native  sulphur ; 
acid  waters  have  also  been  found,  notably  at  Bahnesa. 

Just  before  reaching  the  Assouan  granite-formation  the  Nile 
crosses  a  very  ancient  river-bed,  running  from  W.  to  E.  near  Ko- 
mombo.  The  deposits  of  this  river  form  the  western  bank  of  the 
Nile  for  nearly  a  mile  at  Komombo. 

The  Nubian  hills  above  Assouan  are  nearly  all  sandstone,  except 
where  the  granite  breaks  through  at  Kalabsheh,  and  we  believe  that 
the  granite  is  intrusive,  the  sandstone  at  the  line  of  junction  having 
been  apparently  altered  by  heat  for  50  feet  or  more.' 

Some  rocks  which  have  been  described  as  volcanic  are  not  volcanic 
at  all.  They  are  merely  a  siHcate  coating  over  the  sandstone, 
formed  by  water  impregnated  with  silica,  iron,  and  manganese. 

^  [The  sandstone  (Nubian  Sandstone)  is  generally  regarded  as  Cretaceous. 
The  lower  portions,  however,  may  be  Carboniferous ;  see  Sir  J.  W.  Dawson's 
« Egypt  and  Syria/  2nd  ed.  p.  32, 1887.— Ed.] 

a  [Mr.  J.  C.  Hawkshaw  (Quart  Joum  GeoL  Soo.  vol.  xxiii.  1867,  p.  115) 
describes  and  maps  the  sandstones  as  resting  upon  the  granite.  Sir  J.  W. 
Dawson  {pp.  supra  cii.  p.  32)  says  that  the  sandstones  are  '  Terr  much  newer 
than  the  ctystalline  rocks,  and  are  derired  from  their  waste.'  The  crystalline 
rocks  are  generally  regarded  as  Archaean. — ^Ed.J 
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Above  Abou  Simbel  this  overlies  the  sandstone  in  curious  formSy 
simulating  black  coral  or  sponge. 

Unmistakable  lavas,  however,  do  occur  in  the  desert  within  one 
day's  journey  of  the  Nile,  both  east  of  Minieh  and  west  of  Assiont. 
There  is  then  some  real  evidence  of  volcanic  action  in  this  region, 
and  the  occurrence  of  sulphates  meutioued  above  may  be  thus 
explained. 

The  sandstone  has  been  deposited  over  the  basalt  at  Abou  Sir, 
near  Wady  Haifa,  and  the  river  has  worn  it  away  again,  leaving 
the  basalt  bare ;  in  several  places  the  basalt  is  seen  sticking  up 
through  the  sandstone. 

The  principal  lines  of  junction  of  all  the  main  formations  appear 
to  run  from  S.SJE.  to  N.N.W. 

DlSGT7SSI0I!r. 

The  PBEsiDEirr  observed  that  Englishmen  in  Egypt  enjoyed  at 
present  very  good  opportunities  of  doing  geological  work,  but  it 
was  a  matter  of  regret  that  they  did  not  pay  more  attention  to  the 
literature.  Many  of  the  facts  noted  in  the  present  paper  had  been 
mentioned  in  the  appendix  to  Sir  William  Dawson's  *  Modem 
Science  in  Bible-lands,'  and  the  silicated  deposits  had  been  discussed 
by  Zittel  and  others  and  ascribed  by  Zittel  to  the  action  of 
f  umaroles.  Sir  W.  Dawson  referred  to  the  sandstones,  which  though 
carbonaceous  are  not  Carboniferoui,  The  Authors  raised  many 
chemical  points  of  interest,  and  one  of  the  Authors  was  a  chemist 
who,  he  believed,  had  recently  described  a  new  element  discovered 
by  the  other  Author  in  one  of  the  dry  valleys  dealt  with  in  the 
present  communication.  The  information  concerning  the  r^on 
south  of  Assouan  was  of  considerable  interest,  though  the  state* 
ment  that  the  granite  was  intrusive  in  the  sandstone  was  open  to 
doubt. 

Mr.  ToPLET  and  Mr.  Kvtlet  also  spoke. 
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34.  The  Baobhot  Beds  of  Baqshot  Heath  (a  Ebjoiitdbb).     By  the 
Rev.  A.  Ieying,  B.A.,  D.Sc.,  F.G.S.    (Read  June  8th,  1892.) 

[Abridged.] 

The  Author  maintains  that  the  northerly  attenuation  of  the  Lower 
Sands  and  of  the  '  green-earth  series '  between  the  two  principal 
hrick-clays  of  the  district  is  an  established  fact.^  He  insists  on  the 
Yalue  of  the  Wellington  College  well-section  '  as  a  vertical  datum- 
line,  on  account  of  its  proximity  to  the  northern  outcrop  (which  is 
not  the  case  with  the  Goldsworthy  section),  and  criticizes  the  argu- 
ments recently  put  forward  in  favour  of  an  alternative  and  very 
douhtful  sectional  reading.  But  it  does  not  stand  alone,  for  the 
well-section  at  the  Bagshot  Orphan  Asylum'  gives  practically 
the  same  sequence,  and  affords  strong  evidence  of  the  thinning 
northward  of  the  above-named  deposits.  (Other  instances  cited 
by  the  Author  in  *  Recent  Contributions,'^  &c.,  corroborate  the 
reading  he  has  adopted.)  The  Goldsworthy  section  itself  lends 
strong  corroborative  evidence  as  to  the  value  of  the  College  well- 
section.  The  evidence  of  attenuation  in  the  direction  of  Bracknell 
the  Author  reserves  for  the  present.  In  his  paper  published  in  the 
Pebruary  number  of  the  Society's  Journal  for  the  current  year,  Mr. 
Monckton  ignores  the  determinative  value  of  sfcratigraphical  align- 
ment of  the  clays  claimed  as  the  basal  clays  of  the  Middle  group 
with  days  of  the  same  character  seen  cropping  out  from  below  the 
^  green-earth  series '  at  no  great  distance.*  This  evidence  of  strati- 
graphical  alignment  must  be  allowed  due  weight  when  set  against 
evidence  derived  from  such  lithological  characters  as  the  presence  of 
pipe-day,  mica,  and  false-bedding."  The  Author  considers  that  the 
argument  as  to  the  fossil  evidence  is  over-stated  in  the  above- 
mentioned  paper.^ 

After  criticizing  some  of  the  remarks  in  Mr.  Monckton's  paper, 

^  See  '  Beoent  OontributionB  to  the  Stratigraphy  of  the  Later  Eocenes  of  the 
London  Basin':  Wellington  Oollege  (Bishop,  1891). 

3  Ibid.,  also  App.  Note  A,  p.  11 ;  Quart  Joum.  Geol.  Soo.  vol.  xli.  (1885) 
p.  494 ;  Mem.  Geol.  Surv.  toL  It.  (App.)  p.  425. 

'  See  Mem.  QeoL  Sunr.  voL  iv.  (App.)  p.  687.  ■ 

*  Op,  di.,  Well-sections,  cited  in  the  Appendix,  Note  C,  pp.  14,  15.  See 
also,  for  comparison,  Sections  K  (p.  165),  L  (p.  165),  M  (p.  166),  N  (p.  16()), 
O  (p.  171),  P  (p.  172),  Q  (p.  172),  S  (p.  174)  of  the  Authors  1888  paper,  in 
Quart.  Joum.  Gbol.  Soa  toI.  xli?. ;  and  fuller  details  of  Sections  P  and  Q  in 
Geol.  Mag.  for  1888,  p.  411. 

[Extensive  land-drainage  works  carried  out  by  Bogers  Field,  Esq.,  O.E.,  on 
the  College  Estate  during  the  early  part  of  this  year  (particulars  reserved  for 
the  present)  furnish  further  confirmation  for  certain  horizons. — July  1892.1 

'  See  the  Author's  1888  paper  (loc.  cit,),  p.  164  (footnote),  p.  167  (Sunning- 
dale),  pp.  174, 176, 183  (Additional  Note  on  the  Green-earth  Series) ;  also  Geol. 
Mag.  for  1888,  p.  413. 

*  See  the  Authors  'Recent  Oontributions,  &c.,'  Appendix,  Note  C  (1),  pp.  13, 

'  See  GeoL  Mag.  for  1891,  pp.  361,  362. 
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the  Author  adds  the  followiDg  notes  on  sectnons  at  Farley  Hill 
which  want  of  space  had  compelled  him  to  omit  from  his  1888 
paper : — 

"  Farley  ffUl,  January  20th,  1888. 

"Sandpit  No.  1. 

"Sand  exposed  beneath  the  gravel,  about  6  feet  in  irregular 
layers;  thin  white  sand-partings  (occasionally  an  inch  thick), 
thin  laminated  pipe-clay  in  several  of  these ;  some  of  these  layers 
in  the  upper  2  feet  coloured  by  carbonized  stuff.  The  whole 
character  of  the  section  is  that  of  later  reconstructed  Bagshot 
material  below  the  gravel.  It  admits,  however,  of  very  fair 
lithological  comparison  with  bed  No.  4  of  the  Wellington  College 
section.     JVb  oblique  la/mination  seen. 

"Sandpit  No.  2. 

'*  Disused  gravel-pit,  levelled  and  planted  over  quite  recently. 
Sand  exposed  in  three  places,  with  all  the  signs  of  being  in  gitu. 
Two  of  these  exposures  apparently  fox-burrows.  Upper  Bagshot 
character  very  strong.*' 

The  Author  adds  here  that  in  the  unpublished  MS.  of  his  1890 
paper  it  wiU  be  found  stated  that  microscopic  examination  brings 
out  a  lithological  identittf  between  these  sands  at  Farley  Hill  and 
sands  of  the  undoubted  Upper  Bagshot  Beds  of  the  North  Court 
cutting  on  Finchampstead  Eidges. 

He  also  criticizes  the  remarks  in  the  paper  referred  to  on  the 
Pearw^ood  district  and  about  Wokingham,  and  challenges  Mr. 
Monckton  to  produce  any  direct  evidence  of  such  a  dip  as  his 
reading  of  the  country  requires. 

Discussion. 

The  PRESiDEirr  thought  that  perhaps  the  Author  was  wise  in 
allowing  one  of  the  Officers  to  read  this  most  controversial  paper. 
Some  years  ago  Dr.  Irving  did  valuable  service  by  his  observations 
on  the  district  to  which  the  present  paper  referred,  but  it  was 
difficult  to  understand  what  were  his  present  aims.  He  (the  Pre- 
sident) would  express  his  own  conviction  that  the  subject  was  worn 
threadbare.  There  was  possibly  some  truth  in  the  assertion  that 
the  Lower  Bagshots  and  ^  green-earth  series '  became  attenuated  in 
a  northerly  direction  ;  but  two  sections  quoted  in  the  paper — ^viz. 
those  of  Goldsworthy  Hill  and  the  Wellington  College  Well — ^were 
diametrically  opposed  to  this  conclusion  qua  the  *  green-earth  series.' 
Anyone  interested  in  the  Bagshot  Beds  knew  how  very  variable  they 
were.  Dr.  Irving  had  apparently  determined  originally  that  the 
Upper  Bagshot  Beds  should  overlap  on  to  the  London  Clay,  and  this 
supposition  appeared  to  have  a£Pected  all  his  subsequent  work. 

Mr.  MoNcxToir  referred  to  the  papers  by  the  Author  in  the 
Quarterly  Journal  for  1887  and  1888,  and  to  the  folding  plate  by 
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vhich  they  were  illustrated.  He  was  not  clear  whether  the  Author 
still  adhered  to  the  conclusion  that  an  overlap  of  the  Upper  or  of 
the  Middle  Bagshot  Beds  exists  in  the  Bagshot  country,  or  that 
there  is  Upper  Bagshot  at  Parley  Hill,  Bearwood,  Coppid  Beach 
Lane,  Bracknell,  or  Ascot.  As,  however,  the  present  communication 
was  only  a  reply  to  a  small  portion  of  the  speaker's  criticism  in 
the  Fehruary  number  of  the  Quarterly  Journal,  he  (Mr.  Monckton) 
reserved  his  defence  until  the  remainder  of  the  Author's  reply 
should  appear.  He  wished  to  take  the  opportunity  of  recording 
the  discovery  of  a  band  crowded  with  casts  of  marine  shells  in  the 
Lower  Bagshot  near  Goldsworthy  Hill. 

Mr.  R.  S.  Hebrixs  could  not  follow  Dr.  Irving's  reasoning  in  this 
paper.  He  did  not  consider  that  the  northerly  attenuation  of  such 
variable  beds  as  the  green  sands  had  been  shown  to  be  was  proved ; 
nor  did  he  see  that,  if  it  were,  it  involved  the  thinning-out  of  the 
underlying  clays  and  Lower  Bagshot  Beds.  He  drew  attention  to 
the  fossils  from  the  Lower  Bagshot  Beds  of  Goldsworthy  which  he 
had  exhibited.  The  bed  in  which  they  occur  is  obviously  marine, 
and  the  fact  that  it  is  intercalated  in  what  is  generally  regarded  as 
a  freshwater  deposit  favoured  the  double  classification  of  the  Bag- 
shot  Beds  lately  proposed  by  Dr.  Irving ;  but  at  the  same  time  he 
did  not  consider  the  facts  were  of  sufficient  importance  to  warrant 
observers  in  setting  aside  the  classification  originally  proposed  by 
Prof.  Prestwich. 
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35.  NoTBB  on  Eecent  BoBiNea  /or  Sjllt  and  Coal  in  the  Tehb 
District.  By  Thomas  Tate,  Esq.,  F.G.S.  (Read  June  22nd, 
1892.) 

Singe  the  publication  of  Mr.  E.  Wilson's  exhaustive  paper  on  the 
Durham  Salt-district,^  commercial  enterprise  has  given  an  impulse 
to  exploration,  so  that  now  the  number  of  boreholes  is  over  sixty. 
Most  of  these  simply  emphasize  the  knowledge  derived  from  earlier 
work,  with  which  they  coincide.  Three  or  four,  however,  may 
possibly  contribute  a  few  geological  facts  of  interest,  in  relation  to 
(a)  the  area  of  the  Tees  Salt-field  and  (b)  the  determination  of  the 
southern  limit  of  the  Durham  Coal-basin, 

1.  Whitehoute^  Norton^  No.  1  borehole, — This  borehole  is  3J-  miles 
due  west  of  Messrs.  Watson  and  Scrafton's  Stone  Marsh  borehole, 
the  most  westerly  boring  shown  on  Mr.  Wilson's  map.^  Its  site  is 
76  feet  above  sea-level,  as  proved  by  a  neighbouring  bench-mark.  Full 
details  of  the  strata  bored  through  will  be  found  in  the  Appendix  to 
the  present  communication.  The  horizon  of  the  roc^-sdt  in  this 
district  lies  at  the  base  of  the  Saliferous  Marls,  and  the  layer  of 
salt  invariably  has  above  it  a  bed  of  anhydrite,  usually  underlain  by 
a  stratum  of  red  marl  left  in  a  rotten  state  by  the  dissolving  out  <rf 
some  constituent :  this  is  the  '  rotten  marl '  of  the  workmen,  to  the 
presence  of  which  is  due  the  collapse  of  many  brioe-wells.  Below 
the  beds  of  pure  and  impure  rock-salt  comes  the  lower  anhydrite, 
so  that  the  salt-bearing  stratum,  wherever  present,  is  sandwiched 
between  two  layers  of  anhydrite,  and  its  horizon  is  never  a  matter 
of  doubt  for  anyone  practically  acquainted  therewith. 

This  boring,  after  piercing  through  115  feet  of  Drift  deposits  and 
151  feet  of  Bed  Sandstones  and  Marls,  struck  the  Saliferous  Marls, 
as  follows : — 

ft.    in. 

Bed  marla  with  gypsum ISO    0 

Anhydrite 10    0 

Red  marl  and  gjpsum  (compact)     17    2 

Horizon  of  rock-salt   

Aubydrit© 17    9 

Gypsum    3    0 

177  11 


The  presence  of  the  bed  of  compact  red  marl  foreshadowed  the 
absence  of  salt  from  this  area. 

It  is  sometimes  suggested  that  percolating  water  may  have  re- 
moved the  missing  salt,  but  if  a  cavity  had  been  so  formed  here  the 
drilling  tool  would  have  '  dropped ' ;  this,  however,  did  not  occur. 

^  'The  Durham  Salt-district/  Quart.  Joum.  Geol  Soc.  vol.  xliv.  (1888) 
p.  761.  >iWrf.p.762. 
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Od  resuming  the  boring,  the  Magnesian  Limestone  proved  to  be  the 
thinnest  complete  section  in  Durham,  namely  299  feet ;  it  was  also 
noticeable  for  the  large  proportion  of  gypsum  and  anhydrite  con- 
tained therein  (see  Appendix,  p.  493).  In  boring  bed  No.  73  a 
small  feeder  of  brine  was  cut,  as  is  often  the  case  when  drainage 
from  the  salt-rock  above — perhaps  several  miles  away — flowing 
through  the  underlying  beds  is  tapped,  and  liberated  by  pumping. 

On  analysis  it  was  found  to  be  a  weak  6  7o  solution,  of  no 
commercial  value,  though  it  continued  to  flow  so  long  as  the  pumps 
were  kept  going.  A  little  later  petroleum  welled  up  continuously 
as  a  black  liquid  ;  and  in  addition  to  this,  early  in  July,  when  the 
boring  went  through  the  be^ds  of  bituminous  shale  with  ironstone 
nodules,  Nos.  88  to  90,  the  amount  of  hydrogen  sulphide  that  was 
set  free  was  quite  overpowering. 

The  presence  of  bitumen,  rock-oil,  inflammable  gases,  or  hydrogen 
sulphide  in  the  beds  below  the  salt  is  often  assumed  to  indicate 
underlying  Coal  Measures  from  which  they  are  supposed  to  be 
derived.  But  this  inference  has  proved  erroneous  again  and  again 
on  Tees-side,  where  the  possibility  of  obtaining  petroleum  and 
natural  gas  in  paying  quantities  has  been  repeatedly  discussed  in 
commercial  circles.^ 

The  nearest  coal-workings  to  this  borehole  are  Kodridge  Colliery, 
South  Wingate,  7j|  miles  due  north,  and  Bishop  Middleham  Colliery, 
about  7f  miles  north-west.  Prof.  Hull  adopts,  as  the  southern 
margin  of  the  Durham  Coal-basin,  a  line  which  Sir  Andrew  Bamsay  * 
considered  might  be  drawn  from  Seaton  Carew  westward  to  Midd- 
ridge  Grange.  **  To  the  south  of  this  line,  the  Permian  and  Triassic 
strata  would  be  found  to  overlie  only  Millstone  Grit  and  Yoredale 
rocks."' 

A  boring  near  Spiceley,  half  a  mile  south-east  of  Bishop  Mid- 
dleham Colliery,  after  passing  through  284  feet  of  surface -deposits 
and  Magnesian  Limestone,  struck  Millstone  Grits  which  were 
followed  for  107  feet.  Discussing  its  bearings  on  the  Coal-area, 
Sir  Lowthian  Bell  suggested  that  '*  an  anticlinal  axis  might,  how- 
ever, restore  the  coal  under  the  Magnesian  Limestone.''^  At 
Bradbury  Carr  a  borehole  penetrated  surface-drift  126  feet  thick, 
Magnesian  Limestone  200  feet,  and  Yoredale  Bocks  22o  feet.  Tho 
nearest  borehole  to  this  is  at  Elstob,  5|  miles  west  of  Whitehouse : 
thickness  of  surface-deposits  125  feet,  Magnesian  Limestone  225  feet, 
Toredales  550  feet.* 

The  Seaton  Carew  boring  reported  by  Mr.  Wilson  down  to  1761 
feet,  August  16th,  1888,  was  finally  abandoned  in  the  October 
following,  at  a  depth  of  1815  feet,  having  added  54  feet  of  grey 

^  '  Colliery  Guardian '  for  1891,  p.  523 ;  '  Northern  Echo/  March,  1890. 

^  Bamsay,  Bep.  B.  Coal  CommisBion  (1870),  p.  139;  baaed  upon  evidence 
supplied  by  Mr.  H.  H.  Howell. 

>  '  Coal-FieldB  of  Ghreat  Britain/  3rd  ed.  p.  254. 

*  Proo.  Inat  CHt.  Eng.  toL  xo.  (1887)  p.  133. 

B  Geol.  Sunr.,  Horizontal  Section,  Sheet  133,  and  Tertical,  Sheet  65.  The 
writer  has  to  thank  Mr.  H.  H.  Howell,  of  the  GeoL  Survey,  for  kindly  directing 
his  attention  to  this  information. 
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sandstones  and  black  shales  belonging  to  the  Millstone  Grits.^ 
Notwithstanding  this  discouraging  outlook,  boring  operations  were 
persevered  in,  until,  336  feet  of  Carboniferom  strata  having  been 
proved,  without  a  trace  of  coal  remunerative  or  otherwise,  the 
borehole  was  closed. 

To  return  to  the  Whitehouse  No.  1  boring :  the  Magneeian  lime- 
stone was  succeeded  by  grey  sandstones,  rich  in  caldte,  probably 
due  to  infiltration.  The  lithological  composition  of  the  strata  below 
these— alternating  carbonaceous  shales,  ironstone  nodules,  and  sand- 
stones with  bands  of  encrinital  limestone — warrants  us  in  assigning 
them  to  the  Carboniferous  Limestone  Series  (Yoredale  Beds).  The 
fossils  observed  also  support  this  identification.^ 

The  chief  results  of  this  boring  may  be  summed  up  thus : — 

(i)  The  Upper  Keuper  Red  Marls  are  wanting,  as  is  the  case  in 

every  borehole  north  of  the  Tees,  excepting  the  outlying 

patch  on  Haverton  foreshore, 
(ii)  The  Salt-rock  is   absent,   and    the  Eed  Marl   above   that 

horizon  is  not '  rotten  marl,'  but  compact, 
(iii)  The  Bunter  Series  has  no  representative, 
(iv)  The  Magnesian  Limestone  gives  the  thinnest  complete  section 

in  Durham,  namely  299  feet, 
(v)  No  coal-seams  are  present, 
(vi)  The  Yoredale  Eocks  are  represented  by  encrinital  limestones. 

carbonaceous  shales,  and  sandstones. 

2.  Whitehousey  Norton^  No.  2  borehole. — ^The  site  of  this  borehole 
is  750  feet  north-west  of  No.  1  borehole  and  100  feet  above 
Ordnance  datum. 


Siirfaoe-depositB  

Bed  Sandstones  and  Marls., 

Saliferous  Marls , 

Magnesian  LimeBtones    

Yuredale  Rocks  


Ek)rehole  No.  2. 

Borehole  No.  1 

ft.    in. 

ft    in. 

134    ti 

115    0 

157    0 

151    0 

172    9 

177  11 

65    9+ 

299    0 

—    — 

S36    7 

520  0  1079    6 


^  W.  J.  Bird,  Trans.  North  of  Eng.  Inst.  Min.  and  Meoh.  Eng.  toI.  xxxviiu 
(1889)  p.  21.  To  the  courtesj;  of  C.  T.  Casebourne,  Esq.,  O.E.,  the  writer  is 
indebted  for  the  opportunity  of  inspecting  these  cores.  Two  borings  north-west 
of  Seaton  Carew  are  now  in  progress,  but  for  obTious  reasons  the  information 
already  obtained  is  not  as  yet  available  for  publication. 

'  Since  the  above  was  written,  Mr.  J.  G.  Goodchild,  Curator  of  the  coUeotion 
of  the  Geological  Survey  of  Scotland,  in  the  Edinburgh  Museum  of  Science  and 
Art,  has  kindly  determined  the  following  fossils,  from  cores  submitted  to  him : — 

No.  90.  Orthoceraa    cylindraceum ;      Streptorhi/nchus    erenistria ;    Leaia  (?) ; 

Aviculopecten,  two    species;    Ci/prioarditeB  paraUela;    Anfhracomya; 

Atht/ris;  Productu8\  Lingula  myiiloide8\   JE^gidium  of  PhUlipdd  (4 

specimens). 
No.  112.  Fucoid  (?)  or  worm-tube  (?). 
No.  113.  Spirifer  trigonalis;  Productus  fimhriatus]   Produetus,  sp. ;   AtkyrU\ 

Avicuhpecten ;  Encrinital  stems. 
No.  115.  Lingula  mytiloides  \  Bellerophan  Urei  (?). 
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Comparing  the  two  borings  as  above,  and  especially  the  details  given 
in  the  Appendix  (p.  492  et  9eqq.\  it  will  be  seen  that,  allowing  24  feet 
for  difference  in  altitude,  the  resolts  are  practically  identical.  The 
Upper  Kenper  Bed  Marls  with  gypsnm  are  absent  from  both,  and  in 
neither  is  any  salt  met  with.  The  Magnesian  Limestone  lies  4  feet 
lower  in  No.  1  than  in  No.  2 :  that  is,  in  the  direction  of  dip.  The 
prevailing  opinion  regarding  the  horizon  of  the  salt-rock  in  Durham 
no  longer  needs  defence,  but  it  may  be  well  to  remark  in  passing 
that  the  cores  brought  up  from  near  the  bottom  of  Messrs.  Bell 
Brothers'  trial-boring  in  1876  presented  a  very  different  aspect 
from  those  obtained  from  Magnesian  Limestone  in  these  Whitehouse 
borings,  as  well  as  from  that  proved  at  Seaton  Carew,  where  it  was 
at  its  best — 878  feet,  the  thickest  section  in  County  Durham. 

3.  Eight  miles  due  east  of  Whitehouse  boreholes,  on  the  opposite 
margin  of  the  Tees  Salt-field,  a  borehole  was  being  drilled  at  about 
the  same  time,  and  should  be  noticed  here.  It  was  put  down  on 
Lackenby  foreshore,  about  1  mile  (6000  feet)  north-east  of  Eston 
borehole,  the  most  easterly  shown  on  Mr.  Wilson's  map.^  A  vertical 
section  has  already  appeared,^  but  as  no  cores  were  brought  out 
by  the  method  employed,  the  Bedrocks  have  to  be  apportioned  so  as 
to  approximate  most  nearly  to  contiguous  borings  executed  with 
the  diamond  rock-borer.  The  following  abstract  may  suffice  for 
our  purpose : — 

ft.  in. 

Surfaoe^eposits    13  0 

Upper  Reaper  Bed  Marls 495  0 

Bed  SaDdstoneB  and  Maris  869  0 

Saliferous  Marls    266  0 

Anhydrite  29  0 

'BottenMarr   13  0 

Bock-salt 119  0 

Anhydrite  2  0 

1806    0 


This  borehole  is  important  as  adding  1  mile  to  the  width  of  the 
Tees  Salt-area.  The  upper  surface  of  the  salt  here  is  116  feet 
lower  than  it  is  in  the  Eston  borehole  :  the  salt-bed  also  is  thicker, 
thus  confirming  previous  anticipations  as  to  both  these  itemn 
increasing  with  the  south-easterly  dip.'  Every  one  of  the  fifteen 
boreholes  or  wells  situated  south  of  the  Eiver  Tees  passes  through 
the  Upper  Gypseous  Marls,  i,  e,  the  Upper  Eeuper  Ked  Mark  with 
gypsum  (at  Linthorpe  the  gypsum  bed,  &y^  feet  in  thickness,  was 
reached  at  about  350  feet) ;  and  all  have  proved  the  salt-seam  iu 
good  workable  thickness.     But  while  they  agree  in  indicating  a 

*  Quart.  Jouni.  GeoL  Soo.  toI.  xUt.  (1888)  p.  762. 

^  Bnt.  Assoc.  Beport  (Leeds  Meeting),  1890,  p.  367. 

^  Quart.  Joum.  Geol.  Soc.  toI.  jIxy.  (1888)  p.  775.  The  above  figures  exceed 
somewhat  the  depth  and  thickness  of  salt  estimated  by  the  writer  in  1880,  but 
the  ground  was  not  then  so  well-known  as  now. 
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uniform  dip  of  its  surface  to  the  south-east,  they  hy  no  means 
exhibit  any  like  uniformity  as  to  increase  in  its  thickness.  On  the 
contrary,  they  confirm  our  general  experience  of  the  variable  and 
uncertain  possibilities,  as  the  following  table  will  show  : — 

Salt. 


Borings.  Depth.  Thickness, 

ft.  ft. 

N.  Orme8by(4)...     1350  90 

Middlesbrough  ...     12G6  100  Due  north  of  the  next  preceding. 

Tees  Tilerj    1562  90  Due  east  of  the  next  preceding. 

Eston(4)   1569  82  North-east            „ 

Lackenby(3) 1686  119  North-east 


Appekdix. 
WhiuJiouse,  Nwton^  No.  1  borehole. 

[Altitude  76  feet  above  sea-level.    Depth  1079^  feet. 
Begun  Feb.  13th  and  closed  Sept.  17th,  1889.] 


Thickness 

Depth  of 
eacLbed 

of  each 

from 

bed. 

surikoe. 

ft.  in. 

ft.  in. 

8    0 

7    0 

15    0 

10    0 

25    0 

21    0 

46    0 

2    0 

48    0 

2    0 

50    0 

2    0 

52    0 

2    0 

54    0 

14    0 

68    0 

1    0 

69    0 

1    0 

70    0 

7    0 

77   a 

1    0 

78    0 

6    0 

84    0 

1    0 

85    0 

0    6 

85    6 

2    0 

87    6 

2    0 

89    6 

2  10 

92    4 

0    4 

92    8 

13    4 

106    0 

1    6 

107    6 

7    0 

114    6 

0    6 

115    0 

i 


1  Brown  day,  sandy 

2  Blue  clay    

3  Red  clay 

4  Brown  clay,  stiff    

5  Muddy  sand  

6  Brown  clay,  nandy 

7  Grey  '  pinnel  and  stones ' 

8  Stift* brown  clay  with  stones.... 

9  Stiff  brown  clay s 

10  Sand    

11  Sandy  clay 

12  Strong  brown  'pinnel ' 

13  Strong  brown  clay 

14  Strong  *  pinnel  and  cobbles '. . . . 

15  Brown  *  pinnel  * 

16  Sand    

17  Dark  gravelly  *  pinnel ' 

18  Grey  '  pinnel  and  cobbles '    . . . . 

19  Brown 'pinner 

20  Sandstone  

21  Dark  brown  *  pinner    

22  Dark  red  '  pinnel  and  cobbles ' 

23  Grev* pinnel*    

^  24  Dark  red  '  pinner    
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Whitehowe,  Norton^  No.  1  borehole  (continued). 


h 


s 
I 


«• 


.:3 

r 

5 


25  Bed  sandstone    

26  Red  sandy  marl 

27  Red  marl    

28  Red  sandstone   

29  Red  marl    

30  Red  sandstone    

31  Red  marl    

32  Red  sandstone    

33  Red  marl    

34  Red  marl  with  blue  joints    

35  Red  marl    

36  Red  marl  with  yeins  of  gypsum  

37  Red  marl    

38  Red  marl  with  yeins  of  gypsum 

39  Red  marl    

40  Red  marl  with  veins  of  gypsum , 

41  Anhydrite  

42  Red  marl  and  gypsum  (compact)    

43  Anhydrite  

44  Gypsum 

^  45  Magneaian  Limestone  with  yeins  of  gypsum 

46  Magnesian  Limestone    

47  Blue  shale  with  yeins  of  gypsum 

48  Dark  limestone  and  gypsum 

49  Red  shale  and  gypsum 

50  Anhydrite  

51  Red  and  blue  shale  with  yeins  of  gypsum  .. 
62  Anhydrite  

53  Red  and  blue  shale   

54  Anhydrite,  limestone,  and  red  shale    

55  Anhydrite  with  brown  joints  

56  Anhydrite  

57  Anhydrite  with  black  joints 

58  Magnesian  Limestone   

59  Anhydrite  with  yeins  of  gypsum 

60  Anhydrite  

61  Anhydrite  with  gypsum    

62  Blue  marl  

63  Anhydrite  with  gypsum    

64  Red  marl  with  yeins  of  gypsum 

65  Anhydrite  with  gypsum    

66  Red  marl  with  gypsum 

67  Red  and  blue  marl    

68  Anhydrite  containing  spar   

69  Magnesian  Limestone  

70  Red  and  blue  marl    

71  Red  sandy  gritstone 

72  Red  and  blue  marl 

^  73  Magnesian  Limestone    


Thickness 

Depth  of 
each  bed 

of  each 

from 

bed. 

surface. 

ft.  in. 

ft.  in. 

19  0 

134  0 

9  0 

143  0 

1  7 

144  7 

9  4 

153  11 

2  0 

155  11 

4  2 

160  I 

22  0 

182  1 

7  8 

189  9 

21  7 

211  4 

13  8 

225  0 

41  0 

266  0 

8  3 

274  3 

10  0 

284  3 

12  5 

296  8 

22  2 

318  10 

77  2 

396  0 

10  0 

406  0 

17  2 

423  2 

17  9 

440  11 

3  0 

443  11 

13  8 

457  7 

55  4 

512  11 

11  11 

524  10 

1  0 

525  10 

3  0 

528  10 

4  0 

532  10 

5  0 

537  10 

1  0 

538  10 

2  7 

541  5 

2  9 

544  2 

21  5 

565  7 

10  0 

575  7 

2  5 

578  0 

13  11 

591  11 

7  0 

598  11 

14  3 

613  2 

15  10 

629  0 

8  0 

637  0 

1  6 

638  6 

7  7 

646  1 

2  0 

648  1 

11  8 

659  9 

8  6 

668  3 

2  2 

670  5 

8  10 

679  3 

4  3 

683  6 

3  4 

686  10 

6  3 

693  1 

49  10 

742  11 

Q.J.G.S.  No.  191. 
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Whitehouse^  Norton^  No.  1  borehole  (continued). 


TbioknesB 

of  each 

bed. 


( 

^  74 

76 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

• 

86 

87 

w 

88 

C 

89 

^ 

90 

c6 

91 

II 

92 

'w 

93 

o 

94 

^ 

95 

a 

96 

:j^ 

97 

S 

98 

o 

99 

5rt 

100 

«} 

101 

o 

102 

103 

jg 

104 

S 

105 

5 

106 

o 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

U19 

Grey  gritstone  with  calcite  

Grey  sandstone  with  calcite 

White  crystalline  limestone 

Fine  grey  sandstone  with  oaloite  .... 

Dark  Dlue  shale 

Light-grey  sandstone 

Dfa*k  sandy  shale   

Light-grey  sandstone  with  rootlets  . 

Dark  sandy  shale   

Dark  shale  , 

White  sandstone, 'gannister' 

Light-grey  sandstone . 


Coarse  lieht-grey  sandstone 

Dark  shiJe  

Black  shale  with  ironstone  nodules 

Black  shale  with  bands  and  nodules  of  ironstone 

Black  shale  (fossiliferous) 

Black  shale  with  Teins  of  oaloite 

Grey  encrinital  limestone 

Black  shale 

Grey  encrinital  limestone 

Dark  encrinital  limestone 

Dark  impure  limestone 

Dark  limestone  

Dark-grey  sandy  shale  

Light-grey  siliceous  shale 

Grey  micaceous  sandstone 

Black  shale 

Grey  micaceous  sandstone 

Black  shale 

Dark-grey  sandstone  with  black  streaks 

Dark  shaly  sandstone 

Ooarse  grey  sandstone   

Dark-grey  sandy  shale  

Black  shale  with  ironstone  nodules 

Dark-grey  sandy  shale  

Black  shale  with  ironstone  nodules 

Dark-grey  sandy  shale  '. 

Dark  calcareous  shale  with  concretions  ^ . . . 

Calcareous  shale,  yery  fossiliferous  .! 

Black  shale 

Blue  shale    

Grey  sandy  shale    ; 

Grey  micaceous  shale  with  calcite  joints 

Dark-grey  sandy  shale  

Black  micaceous  shale  


Depth  of 
eacn  bed 

from 
surfiMse. 


ft.  in. 
4    9 


6  0 

7  3 
9  9 

16  6 

4  0 

7  2 

3  11 

2  0 


23 

8 


10    8 

4  0 
3    7 

13    6 

5  11 

5  11 

6  8 


3 
10 


16    9 
3    0 


8  0 

0  6 
13  0 
18  0 

2  8 

3  4 

1  3 


3 


ft   in. 

747  8 

748  8 
754  8 
760  8 
765  10 
774  0 
780  0 
787 
797  0 
813  5 
817  5 
824  7 
828  6 
830  6 
854  1 
862  4 
873  0 
877  0 
880  7 
894  1 
900  0 
905  11 
912  7 
916  7 
925  7 
942  4 
945  4 
952  10 

•955  10 

963  10 

964  4 


977 

905 


5 

3 

3 

0 

16 

0 

10 

4 

1 

1 

5 

8 

7 

6 

18 

0 

9 

0 

1 
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Whitehofisei  Norton^  No,  2  harehoU. 

[Altitade,  100  feet  above  sei^leyel.    Depth,  520  feet. 
Begun  March  29th,  and  closed  May  23rd,  1889.] 
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Bed  sandy  clay 

Blueolay.. 

Sand.. 

Sand  and  grayel . 

Sand.. 

Bed  day 

Dark  brown  sandy  clay].. 

Soft  brown  day  and  sand  mixed  . 

Brown  'pinnel' 

Bed  loamy  sand 

Brown  'pinnd' 

Grey  sandstone  

Brown  'pinnd' 

Grey  loamy  sand 

Dark  brown  'pinnel* 

Dark  brown  '  pinnel  and  cobbles ' 
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Bed  sandstone 

Bed  marl 

Bed  sandstone 

Bed  marl 

Bed  sandstone    

Bed  marl 

Bed  sandstone    

Bed  sandy  marl 

Bed  sandstone    

Bed  sandy  marl 

Bed  marly  sandstone., 


29  Bed  marl  with  gypsum  and  blue  joints 

30  Bed  marl  with  blue  joints  and  gypsum 

31  Bed  marl  with  reins  of  gypsum  

)2  Bed  marl  with  blue  joints  and  gypsum 

)3  Bed  marl  with  veins  of  gypsum  

t^  I  34  Bed  marl  with  blue  joints 

I:i&i^.{    35  Bed  marl  with  blue  spots 

».  ^P«.       ^  Bed  sandy  marl 

\7  Bed  marl  with  yeins  of  gypsum  

J8  Anhydrite   

)9  Bed  marl  with  blue  spots  and  gypsum 

kO  Bed  marl  with  gypsum  (compact)   

[I  Anhydrite    
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36.  On  the  Basalts  and  Anbestteb  of  Devonbhibe,  hnawn  as 
'  Felsfathio  Tbaps.'  By  Bebnabb  Hobson,  Esq.,  M.Sc.,  F.O.S., 
Lecturer  in  Geology  in  the  Yictoria  University,  Owens  College, 
Manchester.     (Bead  June  22nd,  1892.) 

CoNTRirrs. 

T.  PreTious  Literature 496 

II.  Eridence  of  the  OontemporaneouB  (non-IntniBiTe)  Gharacter  of  the 

RockB 497 

m.  Improhatnlity  of  the  Former  Existence  of  these  LaTaB  in  the  Area  of 

the  Dartmoor  Ghranite 498 

lY.  Intrusive  Dykes  in  supposed  New  Bed  Trap  near  Plymouth    499 

y.  Other  alleged  Intrusive  Dykes  in  the  Lavas 600 

VI.  List  of  Localities  examined 601 

YII.  Macrosoopical  and  Microscopical  Gharaoters  of  the  Bocks 602 

(a)  Olivme^basalts. 

{b)  Quartz  Inclusions. 

(c)  Mica-augite-andeeite  of  Eillerton. 


I.  Pbeyiovs  Litebatube. 


1797.  W.  G.  Maton.  Observations  relative  chiefly  to  the  Natural 
History,  Picturesque  Scenery,  and  Antiquities  of  the  Western 
Counties  of  England.  Salisbury,  vol.  i.  pp.  95-97  (describes  the 
Thorverton  stone). 

1811.  J.  F.  Berger.  Observations  on  the  Physical  Structure  of 
Devonshire  and  Cornwall.  Trans.  Geol.  Soc.  vol.  i.  pp.  100-102 
(describes  the  amygdaloid  of  Poncham  [probably  Pooombe],  Upton 
Pyne,^  and  Thorverton). 

1821.  Eev.  J.  J.  Conybeare.  On  the  Geology  of  the  neighbour- 
hood of  Okehampton,  Devon  ("  memoranda  on  the  Bed  Marie ''  at 
end) ;  Annals  of  Philosophy,  new  series,  vol.  ii.  pp.  165,  166 
(describes  the  amygdaloid  of  Thorverton,  Silverton,  and  Badden 
[Kaddon  Court]  quarries). 

1835.  Sir  H.  T.  De  la  Beche.  "  Note  on  the  Trappean  Rocks 
associated  with  the  (New)  Red  Sandstone  of  Devonshire,'*  Proc 
Geol.  Soc.  vol.  ii.  (1833-8)  pp.  196-8  (mentions  the  trappean  rocks 
"  near  Tiverton,  Thorverton,  Silverton,  Kellerton  Park,  Crediton,  and 
Exeter,"  and  gives  the  geological  history  of  those  at  Washfield,  near 
Tiverton. 

1839.  Sir  H.  T.  De  la  Beche.  Report  on  the  Geology  of  Cornwall, 
Devon,  and  West  Somerset  (Geol.  Survey  Memoir)  pp.  199-204, 
211,  212,  215,  216,  489. 

1839  ?  (no  date).  Oue-inch  Geological  Survey  Maps,  Sheets  21, 
22,  24,  26  (almost  all  the  important  exposures  are  included  in 
Sheets  21  and  22). 

^  Later  obserrers  do  not  mention  Upton  Pyne.  I  have  not  visited  the 
locality. 
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1865.  W.  Vicary,  F.G.S.  On  the  Feldspathic  Traps  of  Devon- 
shire. Trans.  Devon.  Assoc,  vol.  i.  pt.  iv.  pp.  43-49  (gives  additional 
localities  and  fuller  details  of  the  macroscopical  characters  of  the 
rocks). 

1890.  R.  N.  Worth,  r.G.S.  The  Igneous  Constituents  of  the 
Triassic  Breccias  and  Conglomerates  of  South  Devon.  Quart.  Joum. 
Geol.  Soc.  vol.  xlvi.  pp.  69-83. 

1892.  W.  A.  E.  Ussher,  F.G.S.  Permian  in  Devonshire.  GeoL 
Mag.  pp.  247-250. 

The  present  paper  is  the  result  of  a  visit  to  the  localities  in  July 
1890. 

The  most  satisfactory  accounts  of  the  Devon  '  felspathic  traps '  are 
contained  in  the  ahove-cited  report  of  De  la  Beche,  in  Mr.  Yicary's 
paper,  and  in  Dr.  Hatch's  notes  to  Mr.  Ussher's  paper.  As  is  well 
known,  they  are  a  series  of  volcanic  rocks,  of  post-Carboniferous 
age,  which  are  exposed  at  numerous  localities  in  the  south  of  the 
county.  All  those  microscopicaUy  described  in  the  present  paper, 
except  the  rock  of  Killerton,  N.E.  of  Exeter,  are  olivine-basalts. 

n.   EVIDENGB  OF  THE  CoNTBHPOBAl^EOXJS  (HON-IiTCBUSIVE) 
CUABACIEB  OF  THE  BoOES. 

Sir  Henry  De  la  Beche  held  them  to  be  "  sections  of  erupted 
igneous  matter  contemporaneously  intermingled  with  the  red  sand- 
stones and  conglomerates  with  which  they  are  associated."^  Mr. 
Vicary,  on  the  contrary,  states  that  they  '*  commonly  appear  as 
dikes,  filling  fissures  in  the  earlier  rocks."*  The  following  considera- 
tions lead  me  to  take  De  la  Beche's  view  rather  than  Vicar/s. 

1.  At  Washfield  the  rock  is,  as  Mr.  Yicary  himself  states, 
*' vesicular  throughout."  I  observed  vesicles  over  2  inches  long, 
and  the  whole  rock  is  as  fuU  of  cavities  as  a  sponge.  At ''  Beere, 
Thorverton,  Rew,  and  the  neighbourhood  of  Silverton  "  the  rock  is, 
as  Mr.  Vicary  says,  "  more  or  less  vesicular  from  top  to  bottom  of 
the  present  worHngs."  In  almost  every  other  case  the  top  or 
bottom  of  the  lava  or  both  are  vesicular. 

2.  In  some  cases,  as  at  Pocombe,  and,  according  to  De  la  Beche,' 
between  Ide  and  Dunchideock,  the  basalt  intervenes  between  the 
underlying  Carboniferous  and  the  overlying  Permian  (or  Triassic) 
rocks.  This  is  most  naturally  explained  by  supposing  it  to  have 
been  erupted  to  the  (probably  sub-aqueous)  surface  in  the  interval 
between  the  deposit  of  the  under-  and  the  overlying  rocks. 

3.  The  lavas  usually  form  horizontal  or  nearly  horizontal  beds, 
not  vertical  or  highly  inclined  dykes.  At  Killerton,  Dunchideock, 
and  Posbury  these  beds  are  in  each  case  many  acres  in  extent,  and 
at  Western  Town  Mr.  Vicary  "  caused  a  pit  to  be  dug  in  the  trappean 
floor  of  the  quarry  and  beneath  it  found  a  layer  of  hard  sandstone." 

4.  According  to  De  la  Beche,^  "  along  the  range  of  the  igneous 
rocks,  particularly  on  the  north,  a  sand  occurs,  here  and  there 

*  Beport*  p.  201.  «  Op.  mpra  cit,  p.  46. 

»  iW3.  p.  203.  *  Beport,  p.  200. 
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mingled  "with  the  more  common  red  sandstone,  which  hears  a  yery 
great  resemhlance  to  a  volcanic  product." 

The  Rev.  A.  Irving  *  says  : — "  What  I  have  seen  in  the  fields 
particularly  in  the  Crediton  Valley,  referred  to  in  my  1888  paper 
(p.  159),  points  to  the  existence  of  true  volcanic  a^lomerates 
forming  locally  integral  portions  of  the  Breccia  series.''  Tuff  is 
mentioned  by  Prof.  Biic^g,  in  Mr.  Ussher's  paper,  as  occurring 
at  Teoton,  near  Crediton.  I  was  unfortunately  prevented  by  the 
bad  weather  from  properly  examining  the  quarry  there. 

5.  There  is  a  very  dose  agreement  in  mineral  composition  and 
both  macroscopic  and  microscopic  characters  between  the  rocks  of 
all  the  localities,  except  Killerton  and  Long  Lane,  Loxbear,  so  that, 
as  many  of  the  rocks  are  clearly  contemporaneous,  the  probabilities 
are  all  in  favour  of  the  rest  being  so. 

I  therefore  feel  no  doubt  of  the  contemporaneous  nature  of  the 
lavas  exposed  in  all  the  localities  visited,  without  for  a  moment 
denying  the  probability  that  the  necks  by  which  they  ascended  may 
be  hidden  beneath  the  surface-flows ;  indeed,  Be  la  Beche  ^  figures 
dykes  of  '  f elspathic  trap '  at  Cawsand  in  Plymouth  Sound  intrusive 
in  Devonietn  rocks,  though  the  evidence  that  the  trap  there  is  of 
•  Permian  (or  Triassic)  age  is  not  quite  conclusive,  and  I  agree  with 
the  opinion  expressed  to  me  personally  by  Mr.  Worth  that  the 
schistose  dyke  figured  by  Be  la  Beche  on  p<  279  of  the  Report  is 
most  probably  of  much  earlier  age  than,  and  quite  distinct  in 
character  from,  the  main  mass  of  the  Cawsand  '  trap.' 

As  mentioned  by  Mr.  Yicary,  ^'  it  is  a  fact  of  large  generality  l^at 
the  strikes  of  the  two  formations  [trap  and  Trias  (or  Permian)] 
coincide  in  direction."  Examples  of  this  occur  at  Silverton, 
Thorverton,  Pocombe,  &c.  The  greatest  length  of  outcrop  also 
usually  coincides  with  tbe  direction  of  strike,  but  this  does  not  seem 
to  me  to  be  any  reason  for  doubting  the  contemporaneous  nature  of 
the  *  trap.'  It  appears  to  me  that  whether  a  rock  be  sedimentary 
(e.  g.  the  Millstone  Grit  *  edges '  of  Berbyshire),  contemporaneously 
interbedded  igneous  rock,  or  igneous  rock  intruded  along  bedding- 
planes,  it  will  naturally  tend  to  have  its  greatest  length  of  outcrop 
in  the  direction  of  strike,  as  soon  as  it  is  tilted  out  of  the  horizontal 
and  denudation  sets  in. 


UI.   iMPBOBABILnr  OF  THE  FoBMBB  EXISTENCE  01*  THESE  LaVAS  IS 

THE  Abea  of  the  Babtmoob  Gbaeqte. 

Mr.  R.  N.  Worth,  having  adopted  the  theory  that  the  granite  of 
Dartmoor  and  the  elvans  in  its  neighbourhood  are  the  relics  of  the 
base  of  a  gigantic  volcano,  argues  '  in  favour  of  the  previous  existence 

^  *  Suppl.  Note  to  Paper  on  the  Bed  Bocks  of  the  Devon  Coast  Section 
((Juart  Journ.  GeoL  Soo.  1888)/  Quart  Joum.  GeoL  Soc.  toL  xlTxii.  (1892> 
pw76. 

»  Report,  p.  212 ;  see  also  R  N.  Worth,  Trans.  Eoy.  Geol.  Soo.  Oomw.  1888t 
p.  228,  &c 

'  Quart.  Joum.  Geol.  Soc.  vol.  xlyi.  (1890)  p.  80. 


Digitized  by  VjOOQ IC 


AmDESITBS  OP  DSY0N8HIBE.  499 

of  '  felspathic  iaraps '  in  the  Dartmoor  granite  area  from  the  fact  that 
in  the  Triassic  (or  Permian)  breccias  near  "  Bawlish  and  Teign- 
month  and  thence  to  the  southward "  fragments  known  to  be  of 
Dartmoor  origin  are  associated  with  undoubted  '  felspathio-trap ' 
fragments.  He  says,  <'  The  fact  that  ^ese  fragments  came  from  tne 
direction  of  Dartmoor,  coupled  with  the  absence  of  any  locality 
between  Teignmouth  and  Dawlish  and  their  vicinities  and  Dartmoor 
whence  they  can  have  come,  thus  points  directly  to  Dartmoor  itself 
as  their  source." 
The  objections  to  this  view  appear  to  me  very  strong,  namely : — 

1.  It  seems  to  be  a  non  sequitur,  as  there  is  no  necessity  for 
believing  that  the  granitoid  and  '  f elspathio-trap '  fragments  came 
from  one  and  the  same  area ;  and  there  is  plenty  of  *  felspathic  trap ' 
in  place  near  Dunchideock,  7|  miles  north-west  of  Dawlish. 

2.  Almost  all  the  'felspathic  traps'  being  olivine-basalts,  they 
cannot  be  the  effiisive  equivalents  of  granite. 

3.  No  necks  or  dykes  of '  felspathic  trap '  are  known  to  penetrate 
the  Dartmoor  granite. 

4.  It  is  highly  improbable  that  the  granite  of  the  core  and  the 
lavas  of  the  surface  of  the  supposed  volcano  were  simultaneously 
exposed  to  denudation. 

5.  The  alleged  facts  with  regard  to  the  existence  of  quartz- 
porphyries  among  and  also  intrusive  in  the  < felspathic  traps'  of 
undoubted  Permian  (or  Triassic)  age  will  be  shown  in  a  subse- 
quent part  of  the  present  paper  to  be  at  least  very  doubtful. 

It  is  true  that  Mr.  Ussher  mentions  a  "  quartz-porphyry  giving 
place  upwards  and  outwards  to  a  rock  resembling  a  mica  andesite  " ' 
associated  with  the  Thurlstone  New  Eed  outlier,  and  Mr.  Worth 
himself  describes  a  'Hraohytic  quartz-felsite "  passing  into  a 
"  rhyolitic  pitchstone  "  as  occurring  at  Withnoe,  in  Whitesand  Bay, 
and  *'  undoubtedly  continuing  to  a  junction  in  depth  with  the  main 
mass "  ^  of  the  '  trap '  of  the  Cawsand  New  Bed  outlier,  but  the 
evidence  that  these  rocks  belong  to  the  same  series  as  the  '  felspathic 
traps '  is  not  quite  conclusive. 

rV.  Intrtjsivb  Dtxss  in  bxtpposbd  New  Bed  Trap  near  Pltmotjth. 

[Since  the  present  paper  was  read,  the  writer  has  visited  the 
Plymouth  district,  and  hopes  shortly  to  be  able  to  publish  more 
precise  information  on  the  subject.] 

Meanwhile  the  following  notes,  based  on  field  observation  only, 
may  be  of  interest.  The  main  mass  of  the  Cawsand  rock  is  red  or 
pinkish,  and  contains  a  good  deal  of  brown  mica.  The  evidence  in 
favour  of  its  Permian  (or  Triassic)  age  is  its  macroscopicaJ  resem« 
blance  to  some  of  the  weathered  olivine-basalts  of  that  age  (this  is 
not  worth  much)  and  the  occurrence  at  Sandway  Point  (6-inch  map, 

*  Op.  8upra  cit,  ^.  2^9. 

>  *  Additional  Notes  on  the  Oomiflh  Trias,'  Trans.  Hoy.  Qeol.  Soc.  Ooniw. 
1891,  p.  338. 


Digitized  by  VjOOQ IC 


500  MB.  B.  H0B80K  ON  THB  BA8ALTB  AKO 

Cornwall,  56  N.W.),  a  few  yards  north  of  the  Cawaand  rock,  of  an 
outlier  of  Now  Red  breccia.* 

One  of  the  most  remarkable  points  about  the  Cawsand  rock  is  the 
presence  everywhere  in  it  of  macroscopioally  evident  flow-structure. 
The  Withnoe  rock,  described  by  Mr.  Worth,  is  exposed  in  a  small 
quarry  on  the  east  side  of  Cliff  Lane,  leading  southwards  from 
Withnoe  to  the  cliffs  of  Whitesand  Bay  (6-inch  map,  Cornwall, 
54  N.£.).  It  certainly  resembles  the  Cawsand  rock  macrosoopically, 
and  shows  the  same  evident  flow-structure,  which  is  vertical  or 
highly  inclined.  The  same  Withnoe  rock  is  much  better  exposed 
in  a  quarry  450  yards  S.  35°  W.  of  the  five  cross-roads  at  Withnoe, 
a  few  yards  north  of  the  ^'  Old  Quarry  "  on  the  6-inch  map,  on  the 
N.E.  side  of  the  military  road  running  along  the  difb.  Here  it  is 
seen  to  be  intrusive  in  the  Devonian  slates,  but  the  most  interesting 
point  is  the  occurrence  in  this  quarry  of  four  dykes  (perhaps  not 
all  separate)  from  1  to  4  feet  wide,  of  apparently  quartz-porphyry 
intrusive  in  the  Withnoe  rock,  cutting  across  the  almost  verticfd 
flow-structure.  The  quartz-porphyry  is  pinkish  grey  to  purplish, 
with  phenocrysts  of  sanidine-like  felspar  (measuring  as  much  as 
1 X  ^  inch),  kaolinized  felspar,  dark  mica,  and  quartz  in  a  compact 
groundmasB. 

V.  Otheb  Allboed  Ihtrusivb  Dtxes  nr  the  Lavas. 

Mr.  R.  N.  Worth  remarks  with  regard  to  the  *  felspathic  traps,' 
^*  They  are  traversed  at  so  many  points  by  felsitic  dykes  that  this 
association  has  a  constant  and  not  a  merely  casual  character. 
Mr.  Yicary  noticed  these  dykes  and  their  strong  resemblance  to 
elvan  courses,  though,  as  '  a  matter  of  convenience,'  calling  them 
sandstone." ' 

As  a  matter  of  fact,  I  believe  that  there  are  no  felsitic  dykes 
traversing  the  undoubtedly  Permian  (or  Triaasic)  '  felspathic  traps,' 
but  I  have  not  examined  every  exposure  minutely  enough  to  assert 
positively  that  there  are  none.  The  so-called  felsitic  dykes  are 
nothing  but  exceedingly  calcareous  sandstone-veins,  or  veins  of 
calcite  stained  red.  Such  veins  are  of  common  occurrence  in  rocks 
erupted  sub-aqueously  and  overlain  by  sandstones.' 

I  observed  these  veins  at  Posbury,  Raddon  Court,  Orchard  Copse 
at  Dunchideock,  and  at  Pocombe.  They  vary  from  pink  to  brick- 
red  in  colour,  and  from  a  fraction  of  an  inch  to  3  inches  in  breadth. 
In  some  cases  compact-looking,  in  others,  e,  g.  at  Posbury  (No.  929  n), 
they  show  sand  grains  when  examined  with  a  lens.     These  grains 

^  W.  Pengelly,  Trans.  Deyon.  Aeboc.  toL  ix.  (1877)  p.  418  ;  B.  K.  Worth, 
TraiLB.  Boy.  Geol.  Soc.  Oomw.  1886,  p.  231. 

^  'The  Igneous  Constituents  of  tne  Tnassic  Breooias,'  &c,  Quart.  Jouni. 
GeoL  Soa  vol.  xln.  (1890)  p.  80. 

'  See  A.  Geikie»  ExplanaUon  of  Sheet  14  (d.  13)  and  Sheet  13  (par.  5),  Geol. 
Suit.  Scotland;  also  in  Geol.  Mag.  for  1866,  p.  244,  AnniyersaiT  Addreaa 
to  Geol.  Soc.  1892,  p.-82  (p.  58  of  separate  oopiee), '  Text-book  of  €leoL'  1885, 
p.  549 ;  and  B  D.  lAing,  '  Oopper-bearmg  Bocks  of  Lake  Superior/  U.  S. 
OeoL  Surrey  Monograph,  1883,  pp.  137-140. 


Digitized  by  VjOOQ IC 


AKDS8ITRB  OF  OSYOKSHIBX.  501 

were  seen  under  the  microscope  to  be  chiefly  angular  quartz/  In 
order  to  make  quite  certain,  a  fragment  of  No.  929  n  was  roughly 
powdered,  dissolved  (with  strong  effervescence)  in  Hd,  and  the 
specific  gravity  of  the  isolated  grains  was  determined.  It  agreed 
with  that  of  quartz. 

YI.  List  op  Localitiss  exaicined. 

As  many  of  the  quarries  in  which  the  '  traps '  are  exposed  are  no 
longer  worked,  are  much  overgrown,  and  tend  to  become  obliterated, 
I  give  a  list  of  those  examined  by  me^  with  exact  indication  of  their 
position,  premising  that  the  numbers  preceding  each  locality  are 
firstly  a  number  for  reference  in  the  subsequent  petrographical 
description,  and  secondly,  the  number  of  the  quarter-sheet  of  the 
6-inch  Ordnance  Survey  maps  (pub.  1887-90)  on  which  they  are 
indicated. 

No.  889  (34  S.W.).  Washfield,  2^  miles  N.  35«  W.  of  Tiverton. 
Quarry  in  Mousebeare  Lane,  383  yards  west  of  church. 

No.  891  (34  S.W.).  Exposure  in  roadside.  Long  Lane,  1325  yards 
8. 28°  E.  of  Loxbear  Church,  N.W.  of  Tiverton,  and  392  yards  west 
of  lane  turning  down  to  Lurley. 

Nos.  895  a,  895  b,  896,  897,  898  (66  8.W.).  Eaddon  Quarry, 
1733  yards  S.  84°  W.  of  St.  Thomas  k  Becket's  Church,  Thorverton, 
6  miles  north  of  Exeter. 

Nos.  899  A,  B,  c,  &  n  (68  N.E.).  Quarry  in  Quarry  Lane,  Lower 
Budlake,  6  miles  N.  37°  E.  of  Exeter,  667  yards  east  of  Killerton 
(house). 

No.  900  (68  N.E.).  Killerton  Park,  5^  mUes  N.  33°  E.  of  Exeter. 
*  Old  Quarry '  on  east  side  of  park,  705  yards  N.  26°  E.  of  Killer- 
ton (house). 

No.  901  (68  N.E.).  Old  quarry  at '  Remains  of  Camp,'  Dolbury, 
Killerton  Park. 

No.  902  (68  N.E.).  Old  quarry,  127  yards  S.  61°  W.  of  northern 
lodge,  Killerton  Park. 

No.  903  (68  N.E.).  Quarry  at  Dunsmoor  (Densmoor),  1302  yards 
south  of  St.  Mary's  Church,  Silverton(Silverton  is  6f  miles  N.  17°  E. 
of  Exeter). 

No.  904  (68  N.E.).  Quarry  (Rew  Quarry  ?),  on  road  from  Silver- 
ton  southward  to  Rew,  600  yards  N.  81°  W.  of  Heazille  Barton. 

Nos.  906,  906  a  (68  N.E.).  Quarry  in  Columbjohn  Wood,  1008 
yards  N.  83°  W.  of  KiUerton. 

No.  907  (68  N.E.).  Moss-grown  quarry,  195  yards  N.  83°  W.  of 
Killerton. 

No.  908  A  (68  N.E.).  Old  quarry  at  Beare  Farm,  1575  yards  N. 
58°  E.  of  Killerton. 

No.  909  (56  S.E.).  Old  quarry  (now  a  pond)  in  the  grounds  of 
Silverton  Park  (Combe  Sacheville),  195  yards  west  of  house. 

^  The  appeanuioe  of  the  section  Ib  quite  like  pi.  zi.  of  R.  D.  IrTing's  mODO- 
grsph, '  Tne  Copper-bearing  Bocks  of  Lake  Superior.' 
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No.  911  (80  S.W.).  Old  quarry,  108  yards  west  of  Barley  House, 
1^  mile  S.  75°  W.  of  Exeter. 

Nos.  912  &  912  a,  b,  c  (79  S.E.}.  Enowle  Quarry,  3|  miles  S. 
54°  W.  of  Exeter,  1000  yards  S.  75°  E.  of  Darniford  (house). 

No.  913  (79  S.E.).  West  Town  Quarry,  1245  yards  S.  87°  W.  of 
St.  Ida's  Church,  Ide,  near  Exeter. 

Nos.  914,  914  A  (91  N.E.).  Quarry  behind  Webberton  Cottages, 
467  yards  N.  81°  W.  of  Haldon  House,  near  Dunchideock,  S.W. 
of  Exeter. 

No.  915  (91  N.E.).  Old  quarry  by  roadside  in  '  School  Wood '  or 
« Great  Plantation,'  703  yards  N.  66^  W.  of  Haldon  House. 

No.  916  (91  N  j;.).  Old  quarry  in  Orchard  Copse,  203  yards  N. 
62°  W.  of  Holy  Trinity  Church,  Dunchideock. 

Nos.  918  A,  b,  0,  D  (80  S.W.).  Large  quarry  at  Pocombe,  dose  to 
Crossmead,  1^  mile  S.  60°  W.  of  Exeter  (cathedral). 

No.  919.  Old  quarry  at  West  Clist  (3|  miles  N.  60°  E.  of  Exeter), 
opposite  road  turning  off  to  Poltimore  Park. 

Nos.  928  A  &  B  (65  N,E.).  '  Stone  Quarry,*  545  yards  N.  40°  W. 
of  Crooke,  and  about  1  mile  E.S.E.  of  North  Tawton. 

Nos.  929  A,  B,  &  c  (67  S.  W.).  Large  quarry,  220  yards  N.  54°  E. 
of  St.  Luke's  Chapel,  Postfury,  near  Crediton. 


YII.  Macboscopical  aitd  Micbosoopioal  Chabaoters  of  thb  Eogks, 

Most  of  the  'felspathic  traps'  examined  by  me  are  altered 
olivine-basalts,  but  the  rock  of  Killerton  (Nos.  900,  901,  902,  907) 
is  an  altered  andesite,  and  appears  to  differ  from  that  at  Columbjohn 
Wood  (No.  906)  on  the  west  and  of  Lower  Budlake  (No.  899  a,  &c.) 
on  the  east  of  it,  although  the  Geological  Survey  map  makes  of  them 
all  one  continuous  mass. 

(a)  Altered  Olivine-basalts, 

These  would  be  termed  melaphyres  according  to  the  nomen- 
clature of  Prof.  Bosenbusch,^  but  since  it  is  now  pn^tty  generally 
admitted  that  the  pre-Tertiary  geological  age  of  an  igneous  rock  is 
no  sufficient  reason  for  giving  it  a  different  name,  and  since  the 
use  of  the  term  '  melaphyre '  for  an  altered  basalt  ^  or  olivine- 
basalt'  only  tends  to  conceal  the  relationship  of  basaltic  rocks, 
I  prefer  to  call  them  basalts. 

Although  on  the  whole  there  is  a  considerable  resemblance  be- 
tween the  macroBcopical  characters  of  the  '  traps '  from  the  different 
localities,  yet  the  appearance  of  the  rock  varies  so  much  even  in 
one  and  the  same  quarry,  according  to  whether  the  freshest  non- 
vesicular or  the  most  cdtered  and  amygdaloidal  specimens  are  taken, 
that  no  one  description  will  apply  to  all  cases. 

Type  1.  Freshest  non-vesicular  rocks.     Their  colour  varies  from 

^  *Mikr.  Physiogr.  d.  Massig.  Gest/  2nd  ed.  1887,  pp.  484.  ^06. 

»  F.  H.  Hatch,  *  Introduction  to  the  Study  of  Petrology.'  1891,  p.  112. 

»  G.  A.  J.  Oole,  'Aide  in  Practical  Geology,'  1891,  p. 
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dark  reddish  to  bluish  purple,  frequently  resembling  that  of  some 
specimens  of  Cambrian  slate  from  Penrhyn  Quarry,  North  Wales. 
Texture  almost  compact,  with  here  and  there  a  porphyritic  plagio* 
dase  (Nos.  912  a,  913,  914,  915,  928  a  &  b,  929  a  &  c).  Quartz 
inclusions  are  abundant  in  some  specimens,  as  in  Nos.  912  a,  913, 
928  A  &  B,  and  present  in  Nos.  914, 915,  929  a  &  c.  In  the  case  of 
the  four  rocks  just  mentioned,  ferruginous  pseudomorphs  after  olivine 
are  visible. 

Type  2.  light  reddish  or  pinkish  purple  to  brown  weathered 
rocks,  full  of  vesicles  drawn  out  in  l^e  direction  of  flow.  Speci- 
men No.  889  is  as  vesicular  as  a  sponge,  and  is  crowded  with  small 
red  or  yellow  pseudomorphs  after  olivine.  Specimens  No.  897  (from 
tipper  surface  of  bed)  and  No.  908  b  do  not  contain  such  large 
vesicles  as  No.  889,  and  few  pseudomorphs  are  visible  in  them. 

Type  3.  This  includes  the  great  majority  of  the  specimens,  which 
are  evidently  weathered  rocks  varying  from  dark  purplish  red  to 
lilac  or  pinkish  in  colour,  sometimes  very  amygdaloidal,  as  in 
No.  912  b  (within  3  feet  of  the  upper  surface  of  the  bed)  and 
No.  904,  but  often  with  few  or  no  amygdules.  Eeddish  pseudo- 
morphs after  olivine  are  often  visible,  e.g,  in  Nos.  899  a  &  b,  916, 
918  A,  B,  &  D,  929  B. 

As  to  the  microscopical  character  of  these  rocks,  their  structure  is 
porphyritic  in  the  sense  of  Bosenbusch.^ 

Phenociysts. — Olivine  and  in  some  cases  plagiodase.  Brown  mica 
in  No.  889. 

Groundmass. — Plagiodase.  Augite  in  Nos.  914, 915.  Magnetite 
or  ilmenite.    Brown  mica  in  No.  889. 

(i)  Olivine  Phenocrysts. — Unaltered  olivine,  colourless  in  thin 
secition,  does  not  occur.  The  olivine  has  in  most  cases  undergone  the 
alteration  described  by  Bosenbusch,^  it  is  ^'  changed  to  a  red  trans- 
parent substance  of  laminated  structure  and  mioar-like  habit ;  the 
lamellsB  appear  to  lie  parallel  to  the  brachypinacoidal  (010)  cleavage- 
cracks.  The  substance  is  very  distinctly  pleochroic,  and  absorbs 
rays  vibrating  parallel  to  the  lamination  much  more  strongly  than 
those  perpendicular  to  it.  The  colour  of  this  substance  is  interme- 
diate between  that  of  specular  iron  ore  and  that  of  pseudobrookite  " 
[trandation].  The  change  just  described  is  very  well  shown  in 
Nos.  928  a,  914,  and  929  a. 

The  pseudomorphs  are  often  a  dark  reddish-brown  in  colour  and 
semi-opaque.  In  some  cases  the  margin  consists  of  magnetite,  as 
in  Nos.  909, 91 1, 9 18  a.  Sometimes  almost  the  whole  of  the  original 
crystal  is  replaced  by  a  granular  aggregate  of  a  zeolite  showing 
the  grey  interference-colour  of  the  first  order,  as  in  No.  918  n,  and 
accompanied  by  calcite  in  No.  929  a.  The  pseudomorphs  in  No.  928  a 
consist  of  calcite  with  a  reddish-brown  margin  of  the  material  before 
mentioned,  described  by  Bosenbusch. 

Section  929  a.  illustrates  excellently  every  intermediate  stage 
between  forms  1*15  millim.  in  diameter  with  reddish-brown  trans- 

1  Op,  supra  cU.  p.  340.  *  Ibid.  p.  489. 


Digitized  by  VjOOQ IC 


504  MB.  B.  H0BS0I7  ON  THE  BASALTS  AKB 

lucent  margin  and  calcite  centre  (evidently  pseudomorphs  after 
idiomorphic  oliyine),  and  minute  patches  0*09  mi  Dim,  in  diameter  or 
less,  with  a  black  margin  of  magnetite,  having  sometimes  the  outline 
of  an  olivine  crystal,  but  often  irregular  and  occupied  by  calcite  in 
the  centre  with  irregular  bands  of  magnetite  across  it.  The  same 
transition  is  visible  in  No.  916.  These  minute  pseudomorphs  are 
plentiful  in  Nos.  929  b,  912  a,  912  c,  913,  928  b,  895  b,  &c. 

The  pseudomorphs  after  olivine  are  frequently  corroded  by  the 
groundmass,  and  very  irregular  fantastic  forms  thus  arise,  as  in 
Nob.  928  a  and  916,  so  that  almost  all  trace  of  idiomorphism  may  be 
lost.  In  nearly  every  case  the  pseudomorphs  are  fairly  abundant^ 
though,  as  their  size  is  not  generally  large,  they  hardly  make  up 
a  notable  percentage  of  the  rock.  The  maximum  size  observed 
was  3*97  millim.  in  diameter  in  No.  928  a,  but  the  usual  size  is  about 
0*8  millim.  x  0*4  miliim.  in  the  case  of  the  more  obvious  pseudo- 
morphs, and  about  0*09  millim.  diameter  in  the  case  of  the  numerous 
smaU  magnetite  pseudomorphs. 

The  only  section  in  which  olivine  pseudomorphs  were  not  made 
out  was  No.  906  a,  and  it  is  uncertain  whether  they  are  not  present  in 
that  case  as  minute  magnetite  pseudomorphs,  since  they  are  present 
in  No.  906. 

(ii)  Plagioclase  plienocrysts  are  present  in  Nob.  912  a,  b,  &  c,  913, 
914, 915,  928  a  &  b,  929  a  &  b.  They  give  in  general  nearly  square 
sections,  but  are  never  abundant.  Though  they  are  idiomorphic, 
they  have  been  both  corroded  by  the  groundmass  so  as  to  alter  their 
external  contours  and  minutely  honeycombed  by  the  interstitial 
matter.  In  some  cases  the  whole  interior  is  honeycombed,  in  others 
a  central  patch  remains  free  from  attack,  but  in  nearly  all  examples 
there  is  a  narrow  outer  margin  free  from  honeycombing.  I  take 
the  explanation  of  this  to  be  that  the  crystals  were  formed  in  the 
intratelluric  period,  that  owing  to  the  relief  of  pressure  upon  the 
rise  of  the  rock  to  the  surface  they  were  corroded  and  honey- 
combed (as  relief  of  pressure  acts  like  increase  of  temperature),  and 
lastly,  as  the  rock  cooled  slowly  the  crystals  renewed  their  growth, 
though  not  vigorously  enough  to  obliterate  the  traces  of  the  cor- 
rosion of  their  contours. 

Brown  mica  occurs  sparingly  in  No.  889.  It  is  corroded  and 
surrounded  by  hsBmatite  grains  (probably  altered  magnetite  due  to 
resorption). 

Qroundmass. — Plagioclase  is  by  far  the  most  important  constituent 
of  the  groundmass.  It  occurs  in  forms  giving  mostly  lath-shaped 
sections.  The  largest  average  size  of  the  crystals  observed  was  in 
No.  904,  namely,  *43  millim.  x  "09  miUim. 

The  only  sections  (except  Nos.  928  a  &  b)  in  which  augite  occurs  in 
tiie  groundmass  are  Nos.  914  and  915.  In  both  cases  it  is  distinctly 
ophitic,  but  on  a  very  microscopic  scale,  the  allotriomorphic  crystals 
having  an  average  diameter  of  0*08  millim.  and  being  usually 
penetrated  by  only  a  single  felspar.  Traces  of  augite  are  seen  in 
Nos.  928  A  &  B.  Calcite,  most  probably  replacing  augite,  occurs  in 
Nos.  896-,  918  a,  928  a  &  b,  929  a  &  b.      It  is  accompanied  by 
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oblorite  in  No.  909,  and  chlorite,  probably  replacing  augite,  occurs 
in  No8.  903,  904,  906,  919. 

Brown  mica  occurs  in  the  groundmass  of  No.  889, 

Magnetite  is  very  abundant ;  indeed,  it  often  occupies  the  greater 
part  of  the  angular  spaces  between  the  felspars,  especially  in  the 
less  crystalline  portions  of  the  rocks,  usually  near  the  upper  or 
lower  surface,  t.  g,  in  Nos.  897, 906  a,  908  a,  911,  918  d.  It  is  very 
generally  altered  to  reddish  ferruginous  matter,  which  gives  most 
of  the  rocks  a  reddish  colour  even  in  the  thinnest  sections. 

Bronzite  is  mentioned  by  Prof.  Bucking  ^  as  a  constituent  of  the 
rock  of  Dunchideock  (locality  not  more  precisely  given).  I  have  not 
observed  it  in  any  of  the  specimens  that  I  have  examined. 

Amygdules  are  very  common.  They  are  most  frequently  occu- 
pied by  calcite  or  by  zeolites  (showing  a  grey  interference-colour  of 
the  first  order)  or  by  both.^ 

(b)  Quartz  Inclusions, 

As  already  mentioned,  these  occur  in  Nos.  912  a,  913,  914,  915, 
928  A  &  B,  929  A  &  0,  also  in  912  b.  They  vary  in  size,  from  2  to  3 
millim.  diameter  and  less,  are  usually  of  a  rounded  form,  and  are 
encircled  by  a  rim  of  small  augite-crystals,  often  obscured  by 
secondary  calcite.  Each  inclusion  consists  as  a  rule  of  a  single 
individual,  but  aggregates  of  numerous  individuals  with  interlocking 
margins,  as  in  a  quartzite,  occur,  e,  g,  in  No.  912  c.  The  evidence  in 
favour  of  regarding  these  quartz-crystals  as  inclusions  is  : — 

1.  The  basic  nature  of  the  rock,  shown  by  the  presence  of  oHvine 
and  plagiodase. 

2.  The  rounded  form  of  the  crystals. 

3.  The  presence  of  reactionary  rims  of  augite-crystals. 

4.  The  complete  want  of  any  uniformity  in  the  distribution  of 
the  quartz-crystals  throughout  the  rock,  which  is  in  some  places 
rich  in  them,  in  others  free  from  them. 

5.  The  fact  that  the  rocks  are  interbedded  with  sandstones, 
whence  the  quartz  could  be  obtained  when  the  rock  was  erupted 
through  the  underlying  beds. 

6.  The  most  convincing  proof  is  the  presence  at  Knowle  Quarry 
(No.  912)  of  an  oblong  eye  of  quartz  about  3x1  inch  embedded  in 
the  rock.     I  have  the  specimen  in  my  possession. 

I  am  aware  that  Mr.  J.  S.  Diller  does  not  regard  points  1  to  3 
88  proof  that  quartz  is  not  (in  some  cases)  an  original  constituent  of 
basalt ;  indeed,  they  are  all  present  in  the  case  of  the  quartz-basalt 
of  Cinder  Cone,  10  miles  N.E.  of  Lassen's  Peak,  California,  which 
he  describes,'  and  with  a  section  of  which  I  have  compared  the 
Devon  basalts,  but  when  combined  with  points  3  to  6  the  evidence 
appears  convincing. 

*  In  Mr.  TJsshci's  paper,  p.  248. 

*  In  the  '  Challenger  Report,  Deep-sea  Depogite,  1891,  pi.  xviii.  fig.  4  gjyes. 
a  good  idea  of  the  zeolites  in  No.  928  b,  and  figs.  2  and  3  of  those  in  No.  9^  a. 

^  'A  late  Volcanio  Eruption  in  Northern  California  and  its  peculiar  Lava,' 
Bulletin  U.S.  Geol.  Survey,  No.  79  (1891),  pp.  2^28. 
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The  presence  of  quartz  (or  ^glassy  feldspar')  in  the  rocks  of 
Stone,  Enowle,  and  Western  Town  is  mentioned  by  Mr.  Etheridge 
in  Mr.  Vioary's  paper  before  cited.  It  was  previously  noticed  by 
De  la  Beche  as  follows^ : — "  Above  Ideston  and  Knole  we  find  por- 
phyries sometimes  containing  crystals  of  quartz,  at  others  of  felspar, 
and  occasionally  of  both  together — a  very  interesting  fact,  inasmuch 
as  it  is  the  only  locality  with  which  we  are  acquainted  where  any 
portion  of  those  quartziferous  porphyries,  of  which  fragments  are 
so  commonly  found  in  the  red  conglomerate  between  Exeter  and 
Teignmouth,  occurs  in  place;"  and  again  (p.  217)  "  the  quartziferous 
porphyry  near  Bunchideock."  I  hold  that  Be  la  Beche  was  misled  by 
the  quartz  inclusions  in  these  basalts  into  regarding  them  as  quartz- 
porphyries. 

A  mass  of  genuine  quartz-porphyry  measuring  about  4  feet  x  1  foot 
is  exposed  on  the  west  side  of  the  road  opposite  to  the  entrance-gate 
of  Bunchideock  House,  but  it  appears  to  belong  to  the  New  Bed 
Breccia. 

Br.  Hatch  has  described '  some  of  the  rocks  which  I  term  olivine- 
basalts  as  porphyrites  (andesites),  viz.,  Western  Town,  Ide  (his 
No.  943= my  No.  913),  Quarry  N.E.  of  Knowle,  N.E.  of  Holcombe- 
Bumell  (his  No.  946),  and  Knowle  Quarry,  W.  of  Bunchideock 
(his  No.  949).  It  is  difficult  to  identify  the  localities  of  Nos.  946 
and  949.  If  the  Geological  Survey  and  6-inch  Ordnance  maps  are 
to  be  trusted,  there  is  no  *  trap '  N.E.  of  Holcombe-Bumell.  Probably 
S.E.  of  Holcombe-Bumell  is  meant,  in  which  case  Br.  Hatch's 
No.  946  is  probably  the  same  aa  my  No.  912.  No  ^Enowle 
Quarry'  is  shown  on  the  maps  W.  of  Bunchideock.  Probably 
that  at  Orchard  Copse  (my  No.  916)  is  meant. 

Obvious  pseudomorphs  after  olivine  phenocrysts  are  plentiful  in 
No.  916,  but  in  No.  913  only  one  red  pseudomorph  0*47  millim.  in 
diameter  and  in  No.  912  b  only  two  above  0*3  millim.  in  diameter 
are  present,  though  smaller  ones  are  numerous  in  No.  912  b  ;  but  in 
Nob.  912  a,  b,  c,  and  913  magnetite  pseudomorphs  about  0*09  miUim. 
in  diameter,  which  I  take  to  be  after  olivine  (as  previously  described), 
are  abundant. 

The  rock  of  Long  Lane,  Loxbear  (No.  891),  differs  so  much  from 
the  rest  as  to  deserve  separate  description.  The  hand-specimen  is 
whitish  and  very  micaceous.  Microscopically  the  rock  is  seen 
to  contain  pseudomorphs  after  idiomorphic  olivine,  consisting  of 
brownish  alteration-products  outlined  by  black  opaque  iron  ore; 
brown  mica  (very  abundant),  apatite  in  short  prisms,  much  opaque 
iron  ore,  and  felspar.  The  mica  is  often  allotriomorphic  towards 
the  felspar,  but  sometimes  the  reverse  relation  appears  to  obtain. 
It  is  very  full  of  inclusions  of  hsBmatite,  black  as  seen  under  a  low, 
but  red  translucent  under  a  high  power,  often  arranged  in  a  series 
of  lines  crossing  one  another  at  about  60°  as  seen  in  a  basal  pina- 
coid  section.    These  are  probably  pseudomorphs  after  magnetite,  as 

^  Report,  pp.  203,204. 

^  Notes  to  Mr.  Ussher's  paper,  Geol.  Mag.  for  1892,  p.  250. 

Digitized  by  VjOOQ IC 


▲in>B8ITB8  OF  DEY0V8HIBB.  507 

is  much  of  the  iron  ore  in  the  rest  of  the  rock.  Although  some  of 
the  felspar  is  nndonbtedly  plagiodase,  I  am  uncertain  whether  it  is 
all  so. 

(c)  MiooratJigite-^indesiU  of  KUlerton, 

This  rock  would  be  termed  mica-augite-porphyrite  by  Eosenbusch. 
I  can  hardly  describe  it  better  than  by  saying  that  it  looks  like  a 
minette,  but  is  lighter  in  colour  than  most  minettes.  Specimen 
No.  907  is  very  micaceous,  and  the  abundant  small  glistening  flakes 
of  mica  have  the  same  brown  colour  as  the  compact  gronndmass. 
Specimens  Nos.  900,  901  are  bluish  to  purplish  grey  and  contain 
the  same  brown  mica  much  less  abundantly.  Specimen  No.  902  is 
light  purplish  grey,  with  comparatiyely  few  visible  flakes  of  mica  and 
numerous  small  narrow  elongated  cavities.     Sp.  gr.  2*57. 

Fhenocrysts  occur  of  augite,  brown  mica,  apatite,  and  iron 
ores.     Groundmass  of  felspar. 

The  augite  phenocrysts  are  almost  colourless  or  faintly  greenish, 
0-5  millim.  in  diameter  or  smaller,  and  are  often  partly  altered  to 
calcite.  Brown  mica  is  abundant.  In  one  case  it  was  included  in 
the  augite.  On  the  other  hand  it  frequently  contains  apatite  and 
iron-ore  inclusions.  Apatite  occurs  in  numerous  small  crystals,  and 
iron  ore  is  generally  distributed. 

Mr.  Edward  Haworth  has  kindly  made  for  me  in  the  Chemical 
Laboratory  of  Owens  College  the  following  analysis  (A)  of  the  rock. 
No.  900  :— 

SiO, 

AlA 

^!..;=;:::;::::;:;;::::;:::::: 

MgO 

CaO    

N14O 

Kfi  

H,0 

^::==== 

100-66  99-99 

It  is  evident  from  analysis  (A)  that  the  felspar  of  the  groundmass 
is  plagiodase.  The  analysis  (B)  is  that  of  the  Morpeth  dyke,  Mor- 
peth, Northumberland,  by  Mr.  Stead,  of  Middlesbrough,  quoted  from 
Teall,  *'  British  Petrography,'  1888,  p.  206,  for  comparison. 


A. 

B. 

48-37 

61-20 

2074 

20-03 
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6-35 

6-76 

7-77 

10-52 

1-70 

1-71 

— 
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1-60 

1-70 

-94 

6-00 

— 
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37.  The  DioBrcio  Picritb  of  White  Haubb  and  Gbbat  Cockup. 
By  J.  Postlbthwaitb,  Esq.,  F.G.S.     (Read  June  22nd,  1892.) 

This  rock  is  exposed  on  both  sides  of  Hause  Gill,  which  separates 
White  Hause  from  Great  Cockup;  the  exposure  on  the  former 
measures  from  12  to  15  yards  square,  that  on  the  latter  mountain 
being  somewhat  smaller.  The  two  masses  are  about  |  mile  apart, 
and  are  doubtless  connected  beneath  the  till  which  forms  the  floor 
of  the  little  valley,  the  only  visible  connecting-link  being  a  group  of 
blocks  jutting  out  on  the  northern  bank  of  the  stream,  which  may 
or  may  not  be  in  place.  The  area  here  indicated  is  shown  in  J. 
Clifton  Ward's  6-inch  '  Geological  Map  of  the  Lake  District '  (now 
in  the  Keswick  Museum  of  Local  Natural  History)  and  coloured  as 
diorite  ;  it  is  also  shown  as  diorite  in  '  Section  I.  through  Skiddaw,' 
in  Ward's  'Physical  History  of  the  English  Lake  District;'^  but, 
so  &r  as  I  have  been  able  to  ascertain,  there  is  no  description  of  the 
rock  in  any  of  his  published  works,  owing  in  all  probability  to  the 
fact  that  it  Ues  a  little  to  the  north  of  Quarter  Sheet  101  S.E.9 
which  embraces  the  area  treated  of  in  '  The  Geology  of  the  Northern 
Part  of  the  English  Lake  District.'  The  area  is  shown  in  the 
accompanying  map,  which  is  based  on  that  of  the  Ordnance  Survey, 
Sheet  23  (formerly  101  N.E.). 

My  first  visit  to  White  Hause  took  place  in  the  spring  of  1890, 
when  1  was  engaged  in  the  preparation  of  a  paper  on  '  The  Deposits 
of  Metallic  and  other  Minerals  surrounding  the  Skiddaw  Granite,'* 
and  1  was  then  struck  by  the  close  resemblance  existing  between 
the  rock  at  that  place  and  the  homblende-picrite  at  Little  Eiiott, 
which  lies  about  2  miles  south-west;  indeed,  the  resemblance  is 
so  marked  that  in  the  above-mentioned  paper  I  referred  to  the  rock 
at  White  Hause  as  '*  a  large  mass  of  homblende-picrite  of  like 
nature."  1  re-visited  the  place  in  the  autumn  of  1891,  and  again 
in  the  spring  of  the  present  year.  1  obtained  specimens  from 
various  parts  of  the  mass,  and  also  from  the  surrounding  rocks,  and 
had  slides  prepared  from  some  of  the  specimens.  The  slides,  to- 
gether witii  the  fragments  of  rock  from  which  they  were  taken, 
were  submitted  to  Prof.  Bonney,  E.B.S.,  for  examination,  and  he 
kindly  gave  me  permission  to  incorporate  his  notes  in  my  paper, 
want  of  time  having  prevented  him  from  making  them  sufficiently 
elaborate  to  be  printed  separately. 

The  dioritic  picrite  is  a  coarsely  crystalline  rock  of  a  dark  olive- 
green  colour,  consisting  of  several  varieties  of  hornblende,  also  quartz, 
felspar,  calcite,  serpentine,  iron  peroxide,  and  probably  a  little 
apatite,  ilmenite,  and  viridite.  On  White  Hause  the  rock  is  very 
coarse,  some  of  the  crystals  being  nearly  |  inch  in  diameter ;  the 
exposure  on  Great  Cockup  is  somewhat  finer,  but  the  mineral  con- 


1 


QeoL  Mag.  for  1879,  p.  54. 

Trans.  Oumb.  &  Westm.  Aflsoc  no.  16  (1889-90),  p.  76. 
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stituents  arc  alike  in  both.  There  is  a  large  boulder  of  the  rock  in 
the  bed  of  the  stream,  about  200  yards  below  the  masses  in  situ^  in 
which  some  of  the  crystals  are  |  inch  in  diameter.  This  variation 
in  crystalline  structure  is  a  feature  which  appears  to  be  rather 
common  in  rocks  like  picrite.  The  boulders  scattered  along  the  bed 
of  the  stream,  together  with  those  used  in  the  construction  of 
boundary  walls,  show  that  a  large  quantity  of  picrite  has  been  re- 
moved by  the  denuding  agents  that  have  scooped  out  the  valley  to 
its  present  depth. 

Two  slides,  one  prepared  from  the  fine-grained  picrite  on  Great 
Cockup,  and  the  other  from  the  coarser  rock  on  White  Hause,  were 
amongst  those  examined  by  Prof.  Bonney,  and  the  following  are  his 
notes  on  the  slides  and  on  the  hand-specimens  from  which  they 
were  taken : — 

"  The  specimens  numbered  1  and  2  present  a  general  resemblance 
to  those  which  I  have  from  Little  Enott,  and  I  may  refer  to  my 
description  already  published  ^  for  the  principal  features,  such  as 
the  Afferent  varieties  of  hornblende,  and  their  relations  one  to 
another.  In  the  new  specimens  it  is  more  difficult  to  prove  that 
olivine  has  been  a  constituent  of  the  rock,  though  I  think  it  is 
represented  by  some  of  the  serpentinous  aggregates;  also  there 
seems  to  me  a  slightly  larger  proportion  of  felspar ;  the  rock,  there- 
fore, is  rather  farther  away  from  a  typical  picrite  than  the  Little 
Knott  rock,  to  which,  however,  it  is  closely  related,  and  so  it  may  be 
regarded  as  one  of  the  transitional  forms  between  normal  picrite 
and  normal  diorite.*' 

About  300  yards  east  of  the  dioritic  picrite,  Hause  Gill  bends  to  the 
north-east,  and  at  this  point,  on  the  eastern  side  of  the  stream,  there 
is  an  exposure  of  rock,  the  true  nature  of  which  can  hardly  be  deter- 
mined without  the  aid  of  the  microscope.  In  hand-specimens  it 
exhibits  many  of  the  characteristic  features  of  a  quartz-felsite,  but 
in  other  respects  it  is  not  very  dissimilar  from  some  of  the  grit 
which  occurs  in  that  locality.  The  outer  surface  is  much  decom- 
posed. Prof.  Bonney  has  made  the  following  notes  on  a  slide  pre- 
pared from  this  rock : — 

"  This  rock  has  undergone  so  much  secondary  change  that  it  is 
difficult  to  speak  positively  as  to  the  exact  nature  of  the  original 
constituents.  It  is,  however,  undoubtedly  igneous.  The  chief 
constituent  has  been  a  felspar,  which  is  now  almost  wholly  replaced 
by  secondary  products,  the  more  abundant  being  rather  fibrous 
microliths,  which  give,  with  crossed  nicols,  fairly  bright  colours; 
with  them  are  occasional  spots  and  small  patches  of  a  clear 
mineral,  which  gives  low  polarization-tints.  It  may  be  a  secon- 
dary quartz,  or  possibly  a  mineral  allied  to  felspar ;  occasionaUy 
it  is  a  crystalline  grain  or  a  small  cluster  of  grains,  resembling 
dolomite.  Moreover  there  are  some  patches,  in  fair  quantity, 
of  a  browner  colour  and  'dusty'  aspect,  which  are  imperfectly 
translucent,  but  also  indicate  the  presence  of  secondary  microliths, 

1  Quart.  Joum.  Geol.  Soc.  vol.  xli.  (1885)  p.  611. 
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somewhat  similar  to  those  mentioned  above ;  two  or  three  of  the 
same  are  much  st-ained  with  clotted  limonite,  or  contain  small  crystals 
of  iron  ozide.^  Next  in  quantity  to  the  felspar  is  a  mineral  of 
rather  irregular,  but  sometimes  rectilinear  outline ;  most  of  it  shows 
one  strong  parallel  cleavage ;  occasionally,  however,  there  is  more 
than  one  direction  of  cleavage,  neither  being  so  distinct.  Much  of 
the  mineral  is  rendered  opaque  by  brown  dust ;  in  the  clearer  part 
this  has  a  very  feeble  depolarizing  effect,  or  is  wholly  inert  The 
cleavage-planes  in  the  former  examples  are  sometimes  separated  by 
a  narrow  lenticular  space  (as  occasionally  seen  in  mica),  occupied  by 
microliths,  bright  tinted  with  crossed  niools.  It  is  almost  impossible 
to  determine  the  relation  of  the  extinction  to  the  cleavage-planes, 
because  so  little  light  passes  through  in  any  position,  but  I  think  it 
is  not  parallel  with  them.  On  the  whole  I  feel  certain  the  mineral 
was  not  mica,  but  augite  (chiefly  diallage). 

"  Hence  the  rock  originally,  in  all  probability,  was  a  variety  of 
dolerite,  and,  so  far  as  I  can  judge,  not  a  very  basic  variety — oei^ 
tainly  not  a  picrite.  I  should  have  said  there  are  some  grains  of 
iron  oxide,  now  probably  limonite,  ^d  perhaps  a  little  apatite." 

This  mass  of  sdtered  dolerite  very  probably  issued  originally  from 
the  same  vent  as  that  which  at  a  later  period  discharged  the  dioritic 
picrite ;  the  intense  alteration  that  has  taken  place  in  the  former 
being  due  in  all  probability  to  contact  with  the  latter. 

The  exposures  of  dioritic  picrite  are  too  small  to  admit  of  any 
difference  being  traced  between  the  outer  margins  and  the  central 
portions  of  the  two  masses,  but  a  considerable  amount  of  change  has 
been  produced  in  the  surrounding  rocks.  On  White  Hause  the  dioritic 
picrite  is  succeeded  on  the  eastern  side  by  a  schistose  rook,  which  has 
dearly  at  one  time  been  sedimentary,  but  is  now  almost  crystalline  in 
its  nature.  This  schist  is  light  grey  in  colour,  moderately  hard,  and 
splits  without  much  difficulty.  In  some  places  the  surface  is  much 
weathered.  A  slide,  No.  3,  was  cut  from  this  rock,  but  unfortu- 
nately it  is  too  thick,  and  Prof.  Bonney  was  unable  to  make  much 
of  it ;  he  states,  however,  that  "  there  is  a  structure  resembling 
incipient  foliation  or  fluxion  ;  there  are  also  small  patches  of  rather 
peculiar  structure  composed  of  some  carbonate  (probably  calcite), 
some  crystals  of  oblong  form,  now  almost  opaque,  and  probably 
some  hornblende." 

White  Hause  is  on  the  margin  of  the  area  affected  by  the  influence 
of  the  Skiddaw  Granite,  and  crystals  of  chiastolite  make  their 
appearance  in  the  Skiddaw  Slate  about  200  yards  south  of  the 
dioritic  picrite ;  proceeding  400  yards  farther  in  the  same  direction, 
Dash  Waterfall  may  be  seen  plunging  over  an  escarpment  of  spotted 
schist.  It  is  difficult  to  say,  however,  how  much,  if  any,  of  this 
change  may  be  due  to  contact  with  the  picrite,  or  whether  it  is  due 
solely  to  contact  with  the  Skiddaw  Granite.    - 

On  the  north-eastern,  northern,  and  north-western  sides  of  the 
dioritic  picrite  on  Great  Cockup,  a  bed  of  grit  which  marks  one  of  the 

1  These  may  poasibly  reproBent  another  mineraL 
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proposed  subdiyisions  of  the  Skiddaw  Slate  Series  ^  crops  out  to  the 
surface,  and  near  the  picrite  it  shows  distinct  traces  of  contaot-meta- 
morphism.  The  grit  is  a  coarsely  granular  rock  composed  chiefly  of 
rounded  grains,  varying  in  size  from  -^  to  ^  inch  in  diameter ; 
amongst  them  are  a  large  number  of  quartz  and  felspar-grains, 
derived  apparently  from  the  waste  of  a  granite  or  granitoid  rock. 
Skiddaw  Slate  is  also  represented  by  grains  of  both  the  smooth  black 
and  light-grey  varieties.  In  this  rock,  at  a  distance  of  about  300 
yards  from  the  picrite,  on  the  north-western  side,  there  are  traces 
of  secondary  change.  Two  slides  prepared  from  the  grit  at  this 
point  are  described  by  Prof.  Bonney  as  follows : — "  No.  4.  A  fairly 
coarse  grit,  consisting  of  quartz  (apparently  from  a  granitoid  rock), 
some  felspar,  in  certain  of  which  is  a  curious  *•  dendritic '  structure, 
probably  due  to  secondary  change,  bits  of  volcanic  rock  of  a  fairly 
acid  type,  of  grit,  and  of  date  or  phyllite.  Some  signs,  but  not  con- 
spicuous, of  contact-metamorphism.'*  The  above  notes  refer  to  a  slide 
taken  from  the  upper  surface  of  the  grit,  at  its  junction  with  the 
overlying  soft  slate.  No.  5  is  taken  from  grit  of  the  normal  type. 
"  This  is  certainly  a  fragmental  rock,  the  constituents  not  very  dis- 
similar to  those  of  the  last  (Ko.  4),  but  there  are  rather  more 
numerous  fragments  of  acid  lavas,  and  there  is  no  well-marked 
phyllite ;  perhaps  fewer  quartz-grains.  One  fragment  exhibits  a 
wdl-deflned  micrographic  structure." 

I  also  had  a  slide  prepared  from  a  rather  gritty  slate  which  occurs 
in  the  same  locality,  on  which  Prof.  Bonney  has  written  the  following 
note : — "  No.  6  is  a  rather  gritty  slate,  containing  a  fair  amount  of 
small  grains  of  quartz  and  flakes  of  mica  (both  fragmentary)  mixed 
up  with  the  usual  earthy  material,  like  numbers  of  other  not  very 
smooth-cleaving  slates ;  possibly  a  little  affected  by  oontact'-meta' 
morphism." 

The  last  three  slides  all  show  traces  of  secondary  change,  due  to 
contact  with  the  dioritic  picrite  on  Great  Gockup.  Some  of  the 
soft  smooth  Skiddaw  Slate  on  the  north-western  side  of  this  ex- 
posure of  dioritic  picrite  also  shows  signs  of  contact-metamorphism, 
in  the  form  of  alternating  bands  of  light  and  darker  colour. 

The  amount  of  alteration  observable  in  the  rocks  surrounding  the 
dioritic  picrite,  as  the  result  of  contact  with  it  while  in  a  molten 
state,  and  during  the  process  of  cooling,  is  considerably  larger  than 
that  observable  at  Little  Enott,  although  the  amount  of  picrite 
exposed  in  the  latter  locality  is  probably  quite  as  lai^e  as  in  the 
united  areas  on  opposite  sides  of  Hause  Gill.  We  may  infer,  there- 
fore, that  there  is  probably,  at  a  moderate  depth  beneath  the  sur- 
face, a  much  larger  mass  of  dioritic  picrite  than  that  now  exposed 
on  the  sides  of  Hause  Gill.  There  is  good  reason  for  supposing 
that  the  picrites  at  Little  Knott  and  on  the  sides  of  Hause  Gill  are 
of  the  same  age,  and,  as  Prof.  Bonney  su^ests,  probably  came  from 
the  same  '  pot,'  notwithstanding  the  distance  by  which  they  are 
separated  (2  miles);  the  trifling  difference  there  is  between  the 

^  Ward's  '  Physical  History  of  the  Bnglish  Lake  District,'  Geol.  Mag.  for 
1879,  p.  122. 
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mineral  constituents  of  the  two  rooks  is  unimportant,  being  no 
more  than  has  been  shown  to  exist  in  different  portions  of  the 
Little  Knott  exposure. 

My  best  thanks  are  due  to  Prof.  Bonney  for  his  kind  help  with 
the  rock-sections,  without  which  my  paper  would  have  been  of  no 
value. 


Discussion. 

The  Pbssident  remarked  that  the  rock  described  by  the  Author 
appeared  to  verge  on  a  diorite,  and  commented  on  the  comparative 
rarity  in  the  Lake  District  of  rooks  containing  minerals  rich  in 
magnesia. 

Mr.  EuTLST  remarked  that  although  the  rock  from  Little  Knott 
was  a  picrite,  as  already  stated  by  Prof.  Bonney,  it  was  remarkably 
rich  in  hornblende,  aud  resembled  a  diorite  in  external  appearance. 
He  had  not  examined  sections  from  the  other  exposures  mentioned 
by  the  Author. 

Mr.  Mabb  also  spoke. 
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38.  MiOBozoA  from  the  Phosphatic  Chalk  of  Taplow.  By  F. 
Chapmait,  Esq.,  F.E.M.S.  (Comnmnicated  by  Prof.  T.  Bvpebt 
Jones,  F.E.8.,  F.G.S.    Eead  June  22iid,  1892.) 

[Platb  XV.] 

Thb  present  paper  is  the  result  of  an  examination  of  some  material 
kindly  sent  me  by  Mr.  Llewellyn  Treacher,  who  obtained  it  from 
about  the  middle  of  the  phosphatic  band  at  Taplow. 

A  short  list  of  the  foraminifera  of  the  Taplow  Chalk  has  already 
been  given  by  A.  Strahan,  Esq.,  M.A.,  F.G.S.,  of  H.M.  Geological 
Survey,  with  the  assistance  of  Prof.  T.  Eupert  Jones,  F.R.S.,  F.G.S.,' 
and  I  wish  at  this  point  to  express  my  obligation  to  the  latter  for 
help  and  advice  in  preparing  these  notes. 

The  material  used  was  excessively  rich  in  well-preserved  specimena 
of  foraminifera,  forming  perhaps  75  per  cent,  of  the  whole ;  and 
a  series  selected  from  it  proving  so  extensive  and  interesting,  there 
seemed  good  caiuse  to  communicate  a  list  of  them. 

On  treating  the  disintegrated  chalk  with  a  weak  solution  of 
hydrochloric  acid,  the  most  perfect  casts  in  phosphate  of  lime  are 
obtained,  the  Eotaline  forms  being  especially  noteworthy. 

The  total  number  of  species  and  varieties  of  foraminifera  found  is 
98 ;  and  to  these  must  be  added  5  species  and  varieties  of  ostraeoda, 
represented  by  11  specimens. 

All  the  forms  of  ostraeoda  herein  noted  have  been  previously 
found  in  the  Chalk.  They  are : — Pontociffpris  triqaetra^  Jones,  sp., 
2  specimens  ;  Bythocypris  sUieula,  Jones,  sp.,  1  specimen ;  Cyiherds 
auriculata,  Comuel,  sp.,  1  specimen ;  0.  WrigTUii,  Jones  and  Hinde, 
6  specimens ;  and  CythereUa  WiUiamsonianaf  var.  granuloma  Jones, 
1  specimen. 

Of  the  98  varieties  of  foraminifera,  5  appear  to  be  entirely  new 
to  science,  whilst  altogether  30  are  new  to  the  Chalk  fauna,  and 
these  are  marked  on  the  list  by  an  asterisk.  Of  those  new  to  the 
Chalk,  2  have  been  known  from  recent  deposits  only,  namely, 
Btdimina  eUganSy  I)*Orb.,  and  OristeRaria  gemmata,  Brady. 

Of  the  remainder,  20  are  recorded  from  the  Tertiaries,  and  the 
rest  from  deposits  older  than  the  Chalk. 

The  following  descriptions  relate  to  those  forms  which  are  appa- 
rently new  to  science  : — 

(i)  Nuhecularia  Jonesiana^  sp.  nov.     PI.  XV.  fig.  2. 

Test  porcellanous,  free,  consisting  of  a  single  flask-shaped  chamber 
with  a  simple  circular  aperture ;  the  sur&oe  of  the  test  uneven  and 

^  Quart  Joum.  GeoL  Soo.  toI.  zItIi.  (1891)  p.  357.  The  forms  mentioned  in 
this  earlier  list  are  included  in  that  giyen  at  the  end  of  the  present  paper,  with 
the  exception  of  Qldbigerina  Linnaana,  which  I  haye  not  met  with. 
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irregularly  pitted.     Length  ^  in.  (0*42  millim.).     Two  spedmens 
only  were  found. 

(ii)  Textularia  decurrenf^  sp.  nov.     PI.  XY.  fig.  6. 

Amongst  a  large  nnmber  of  the  glohulose-chamhered  Texttdaria 
BO  ahimdant  in  &e  Taplow  Chalk  were  noticed  several  spedmens 
more  or  less  indined  to  depart,  in  the  latest  growth  of  tiie  shell, 
from  the  bi-serial  or  Textolarian  type  and  to  become  spirally  uni- 
sonal, showing  in  fact  the  reverse  of  the  essential  character  of  the 
genus  Sjnr<>pleeta.  The  specimen  figured  represents  this  abnormal 
growth  in  perhaps  its  best  devdopment.  It  is  only  another  instance 
of  the  readiness  with  which  a  form  will  depart  from  its  type, 
serving  perhaps  as  a  link  not  only  between  spedes,  but  it  may 
be  between  genera  also.    Length  ^  in.  (0*56  millim.). 

(iii)  Textularia  serrataj  sp.  nov.     PI.  XV.  fig.  7. 

This  is  a  somewhat  dongate  form  resembling,  by  the  hollowed 
faces  of  the  shdl,  T.  coneava  of  Karrer ;  but  the  spedes  is  distinctly 
separable  from  tlie  latfcer  by  the  attenuated  form  and  the  constric- 
tions between  the  pairs  of  chambers.  T,  serrata  generally  possesses 
a  single  terminal  chamber,  probably  an  indication  of  age ;  and  in 
some  specimens  a  slit-like  aperture  can  be  seen  disposed  horizontally 
at  its  base.  Length  -^  in.  (0*56  millim.).  Common  in  the  Tap- 
low  Chalk. 

(iv)  Btdimina  trigona^  sp.  nov.     PI.  XV.  fig.  8. 

Test  subcorneal,  three-sided,  slightly  twisted,  and  with  the 
aboral  end  thickly  granulated,  or  studded  with  short  prickles. 
This  form  resembles  one  variety  of  B.  eUgana  in  the  threensided  dis- 
position of  the  series  of  segments,  but  is  much  stouter  and  more 
angular.  Length  ^  in.  (0*5  millim.).  Erequent  in  the  Taplow 
Chalk. 

(v)  BoUvina  sirigtUata^  sp.  nov.     PI.  XV.  fig.  10. 

Test  compressed,  triangular,  and  dongate,  tapering  gradually  to 
the  commencement  of  the  shdl.  The  surface  of  tiie  test  bears 
oblique  raised  ridges,  sometimes  broken  into  tuberdee.  The  orna- 
mentation of  the  shdl  somewhat  resembles  that  of  B,  decorata^ 
Jones,  recorded  by  Mr.  Joseph  Wright,  E.6.S.,  from  the  Chalk  of 
Ready  Hill,  in  the  North  of  Ireland,^  but  differs  from  the  latter  in 
the  lengthened,  rather  than  dilated,  form  of  the  shell.  Length 
^  in.  (0*63  millim.).    Common  in  the  Taplow  Chalk. 

-      '  Proo.  Bdfast  Nat.  Fidd  Olub,  Appendix  ix.  (1884-85),  p.  390. 
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List  of  the  Foraminifera  from  the  Taplow  Chalk. 


Name. 

Bemarks. 

1. 

2. 
8. 

4. 
6. 
6. 

7. 

a 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
83. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
60. 
51. 

itNubecularia  tibia,  Jones  &  Parker 

This,  the   only  specimen 
found,  is  attached  to  a 
fish-scale  fragment 

2  specimens. 

1  specimen. 

1                  M 

2  specimens. 
Bare. 

1  specimen. 
Very  common. 

11        II 
Bare. 
Common. 
Frequent. 

1  specimen. 
Bare. 

2  specimens. 
Common. 

Common. 
Frequent. 
Bare. 
Common. 

Frequent. 

Bare. 

Common. 

1  specimen. 

Common  (neat  Tar.). 

*8piroloculina  limbata,  D'Orb 

n venusta,  Karrer,  ro 

Texhdariagl6buloM,Ehi 

,  var.  striata,  Ehr.,  var.     ... 

^ decurrens,  sp.  nov 

trochuSf  D'Orb 

«■ concavaf  Earrer,  sp 

tpinuloaa,  ^Ausa  

Tritaxia  trioarinata,  Beuss 

sp 

htfomm,  Parker  k  Jones,  sp.    ... 

GoMdrvina  rugoict^  D'Orb 

Bulimina  obliqua,  D'Orb 

affiniSf  D'Orb 

Bare                                     j 

Frequent. 

ftrwM,  D'Orb 

II 

2  specimena 

1  specimen. 
Frequent. 
Common. 

2  specimens. 
2        „ 
Frequent. 
Common. 

2  specimens. 

1  specimen. 

1        ». 

■•■        f» 

Frequent. 

1  specimen. 

1        „         (firogment). 

1  specimen. 

1        If 

»— .  elegaaUf  D'Orb 

obtusa,  WOrh 

itVirfftdina  Sckreibersiana,  Cqzek    

ikBolivina  dilatata^  Beuss 

* striffillata,  sp.  nov 

« punctata,  D^Orh 

textularioides,  B^vM  

« nobilis,  Hantken 

Lagena  sulcata,  Walker  &  Jacob   

globose,  Mont.,  ro.  

* striatopunctata,  Parker  &  Jones  . 

Nodosaria  tenuioosta,  Beuss 

obscura,  Beuss 

Aup«2a,  D'Orb 
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List  of  Foraminifera  (continued). 


52. 
63. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 

85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
98. 
94. 
95. 
96. 
97. 

98. 

Name. 

Bemarks. 

Nodo8aria(Dentalina)communi8,  D'Orb. 

2  specimens. 

1  specimen. 

2  specimens. 
I  specimen. 

1  »» 

1                  M 

Bare. 

2  specimens. 
2        .. 

1  specimen. 
1        tt 

1    ,. 
1    ,. 
1    „ 
1    .. 

1  „         (fragment). 

1 

Frequent. 

2  specimens. 
1  specimen. 
Frequent. 

1  specimen. 

2  specimens. 
Frequent. 
Very  common. 
Bare. 

Very  common. 
Frequent 

1  specimen. 

2  specimens. 
2        „ 

Very  common. 
2  specimens. 
1  specimen. 
Bare. 

Very  common. 
Frequent. 
Very  common. 
1  specimen. 
Frequent. 

1  specimen. 
Very  common. 

Frequent. 

2  specimens. 

( )  aculeata,  D'Orh 

( )  pauperata^  D'Orh. 

( )  nodosa,  D'Orb 

LinguUna  earinata,  D'Orb 

Frondicularia  Archiaciana,  D'Orh.    ... 

oii^nw^a,  Nilsson  

elongata,  D'Orb 

CrisUUaria  cuUrata,  Mont. ,  sp 

navicula,  D'Orh 

^riati^M^ris,  D'Orb 

* gemmata^'Br^'y 

Gaud/ry ana,  D^Orh 

FlabdUnarugosa,  D'Orh 

Baudouiniana^D'Orh 

^tWa,  D'Orb 

acumincUat  D'Orb.,  sp 

«■  Uvigerina  eanariensis,  D'Orb 

Bamulina  aculeataf  D'Orb. ,  sp 

Globiaerina  cretacea,  D'Orb 

buUoides,  D'Orb 

(gquilateralis,  BrvAy    ...♦. 

Planorbulina  Clementiana,  D'Orb.,  sp.  . 

TruncatuUna  lobatula,  WaUer  &  Jacob, 
sp 

variants,  D'Orb 

Anomaltfta  ammanoides,  Beuss,  sp.     ... 
arimineneis,  D'Orb.,  sp 

rotula,  D'Orb.,  sp 

Pulvinulina  elegans,  D'Orb.    

Micheliniana,  D'Orb 

4( punctulata,  D'Orb.,  sp 

» repanda,  Fichtel  &  Moll,  sp.      ... 

Rotalia,  exsculpta,  Beuss 

Soldanii,  D'Orb.  =  R.  UTnbilicata, 

D'Orb 
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EXPLANATION  OF  PLATE  XV. 

Fig.  1.  Nubecularia  tibia,  P.  &  J.  (attached  var.).     X  60. 

2.  Jonesiana,  ep.  nov.     x  46. 

8.  novorossica,  Karrer  A  Sinsow.     x  60. 

4.  Spiroloculina  limbata,  D'Orb.     x  60. 

5.  MUiolina  oblonga,  Montagu,  sp.     X  60. 

6.  Textularia  decurrena,  sp.  nov.     X  60. 
7. serreUa,  sp.  nov.     X  60. 

8.  BuUmina  trigona^  sp.  nov.     X  60. 
9. eUgans,  D'Orb.     X  70. 

10.  Bclivina  stHgiOaia,  sp.  nov.     X  80. 

11.  nobUist  Hantken.     X  70. 

12.  Crigtellaria  gemmata,  Brady.     X  80. 

13.  a»  b,  e.  Globigerina  cretaeea,  D*Orb.     x  50,  X  60,  X  60. 

14.  a,  b, aquilateralis,  Brady.     X  60. 
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The  Tbbtiabt  Miobozoic  Fobmatiokb  of  Tbinioad,  Wbbt  Indibs. 
By  B.  J.  IiBCB[MEBE  Quppr,  Esq.  (Communicated  by  Dr.  H. 
WooDWABD,  F.R.8.,  F.G.8.    Bead  June  8th,  1892.) 
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Appendix    538 

§  1.  Intboduciiov. 

Thb  island  of  Trinidad  is  separated  from  Venezuela  and  the  great 
delta  of  the  Orinoco  by  the  Qulf  of  Paria,  which  stretches  for  100 
miles  from  east  to  west,  and  opens  northward  into  the  Caribean 
Sea  by  the  Bocas  del  Drago  (Dragon's  Mouths),  and  southward  into 
the  Atlantic  Ocean  by  the  Serpent's  Mouth. 

The  Microzoic  Deposits  of  Trinidad  form  a  zone  10  miles  broad 
from  N.  to  S.,  and  about  35  miles  long  from  E.  to  W.  Whether 
they  occur  or  not  on  the  mainland  of  South  America  is  not  known, 
but  from  considerations  which  will  appear  in  the  course  of  this 
paper  I  think  it  probable  that  they  do  not. 

The  strike  of  the  beds  varies  between  N.E.  &  S.W.  and  E.  &  W. 
It  will  be  noticed  that,  on  the  whole,  it  corresponds  with  the  trend 
of  the  coast  of  the  Gkdf  of  Paria  south-westward  from  Sipero 
Creek,  near  San  Fernando.  On  the  east  the  microzoic  formations 
rise  out  of  the  swamps  that  fringe  that  shore  of  the  island,  while 
westward  they  sink  below  sea-level  in  the  Oropuch  Lagoon.  They 
are  bounded  to  the  north  by  strata  presumed  to  be  of  Cretaceous 
age,  and  to  the  south  by  Miocene  and  Pliocene  rocks  of  mainly 
arenaceous  character. 

The  sketch-map  facing  this  page  exhibits  the  relationship  of  the 
Microzoic  Deposits  to  the  chief  physical  features  of  the  region,  and 
indicates  the  shore-line  of  the  supposed  ancient  continent. 

As  regards  the  literature  of  the  subject,  the  reader  may  consult 
Messrs.  G.  P.  Wall  and  J.  G.  Sawkins's  ^  Report  on  the  Geology  of 
Trinidad,'  published  in  1860.  The  practical  difficulties  with  which 
those  surveyors  had  to  contend  were  such  as  to  prevent  their 
Eeport  from  being  more  than  a  general  outline. 

The  Naparima  Marls,  mentioned  in  that  Report  as  exposed  for 
some  distance  in  the  cliJSs  north  and  south  of  San  Fernando,  were 
treated  of  three  years  later  by  the  present  writer  in  a  communica- 
tion to  the  Scientific  Association  of  Trinidad,^  and  again  in  1866.^ 

^  Reprinted  in  the  '  Geologist'  for  1864,  p.  159. 
*  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  (1866)  p.  571. 
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One  bed  was  described  as  consisting  entirely  of  the  tests  of 
OrhiUndes  and  Nummulina^  while  other  beds  were  described  as 
nnfoesiliferons.  But  in  1872  I  was  able  to  announce  that  what  up 
to  that  time  had  been  considered  to  be  oolitic  grains  in  certain  of 
the  ''  unfossiliferous  "  Naparima  Beds  were  really  minute  organisms, 
chiefly  foraminifera.^ 

In  the  following  year  I  gave  a  further  account  of  the  West  Indian 
Tertiary  fossils,^  with  lists  of  all  the  species  of  invertebrates  (corals 
excepted)  known  up  to  that  date  from  those  rocks.  Further  in- 
formation on  the  palaeontology  will  be  found  in  Quart.  Joum.  Geol. 
Soc.  voL  xxxii.  (1876)  p.  516 ;  W.  M.  Gabb,  Trans.  Am.  PhU.  Soc. 
vol.  XV.  p.  49 ;  and  Proc.  Acad.  Nat.  Sci.  Philad.  1872,  p.  270. 

Sufficient  evidence  had  meanwhile  accumulated  to  show  that, 
while  the  Garoni  Series  of  Trinidad  might  be  correlated  with  the 
Miocene  formation  of  Haiti,  Jamaica,  and  Cumana,  the  fossiliferous 
deposits  of  Naparima  and  Manzanilla  were  of  older  date,  probably 
Eocene.  In  this  connexion  I  would  refer  the  reader  to  the  rongh 
diagram  of  the  succession  in  Trinidad  which  I  published  in  Proc. 
Sci.  Assoc,  (of  that  island)  for  December,  1877. 

But  I  had  had  since  1874  no  opportunities  of  going  again  over 
the  ground  in  the  Naparima  district,  until  at  the  end  of  1890  and 
in  the  beginning  of  1891  I  undertook  a  re-examination  of  the  beds, 
the  results  of  which  are  summed  up  in  the  following  pages.  It 
should  be  premised,  however,  that  the  work  of  exploration  is  ex- 
tremely arduous,  and  the  difficulties  of  every  kind  which  confront 
the  observer  are  such  as  to  preclude  a  thoroughly  exhaustive  inves- 
tigation. 

§  2.  The  Stb^tiobapht  of  the  Napakdca.  Beds. 

The  diagram  on  p.  522  is  the  result  of  an  examination  of  the 
coast-line  from  near  the  northern  limit  of  the  known  Tertiary  rocks 
of  Naparima  to  the  Oropuch  Lagoon,  the  southern  limit  of  the  Micro- 
zoic  Beds.  The  series  of  beds  marked  1  and  2  appear  to  belong  to 
the  "Nariva  Series"  of  the  Geological  B«port,  supposed  to  be 
inferior  in  position  to  the  Naparima  Marls  of  that  Eeport  I  am 
doubtful  on  this  point,  not  having  met  with  any  evidence  of  super- 
position. The  rocks  themselves,  as  exposed  on  the  shore  and  in 
railway-cuttings,  consist  chiefly  of  impure  ferruginous  and  gypseous 
marls  of  various  colours,  containing  in  places  thin  veins  of  sandstone 
with  particles  of  mica.  Large  blocks  of  crystalline  gypsum  occur 
abundantly  in  some  parts  of  this  formation.  The  less  impure  beds 
contain  Olohigerina  and  other  foraminifera,  but  not  very  abun- 
dantly. These  rocks  present,  in  my  opinion,  a  very  close  resem- 
blance to  the  deposits  derived  from  the  denudation  of  the  Naparima 
(Foraminiferal)  Marls  now  being  laid  down  in  the  Gulf  of  Paria, 
between  San  Fernando  and  Oropuch.  Some  seams  of  a  substance 
resembling  coal  have  been  found  in  this  formation;  but  no  such 

'  See  GeoL  Mag.  for  1873,  p.  362. 
»  Ibid,  for  1874,  pp.  404,  433. 
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thing  is  known  in  those  deposits  that  we  regard  as  Eocene. 
Lignite  and  other  varieties  of  carhonaceous  matter  are  abundant  in 
the  recognized  Miocene  rocks  of  Trinidad,  and  the  asphalt  (Uiougb 
fonnd  infiltrated  into  the  Eocene  deposits)  is  probably  of  Pliocene 
date.  I  shonld  not  be  surprised,  then,  if  this  Nariva  Series  proved 
to  be  of  Miocene  age,  and  therefore  younger  than  the  Eocene  Napar 
rima  Marls.  I  think  it  probable  that  it  was  merely  the  position  of 
these  beds  between  the  Cretaceous  rocks  of  the  Pointapier  district 
and  the  Tertiary  marls  of  Napaxima  that  induced  the  Geological 
Surveyors  to  assign  to  them  an  age  earlier  than  that  of  the  Naparima 
Marls.^      ' 

I  find  that  in  1877  I  arrived,  as  regards  the  age  of  these  beds,  at 
the  same  conclusion  as  that  expressed  above,  and  stated  it  in  a 
paper  read  before  the  Scientific  Association  of  Trinidad  *  On  the 
Discovery  of  Tertiary  Coal  at  Williamsville,  Savana  Grande,' 
printed  in  the  Proceedings  of  that  Association,  part  xi.  p.  110.  I 
think,  therefore,  that  (unless  evidence  to  the  contrary  is  forthcoming) 
this  Nariva  Series  is  not  inferior  to  the  Eocene  marls  of  Naparima, 
but  superior  to  them,  being  Miocene  in  date  and  partly  the  equiva- 
lent, on  the  southern  side,  of  the  Secondary  rocks  of  the  Caroni 
Series  on  the  northern. 

No.  3  is  a  series  of  red,  black,  and  variegated  marls,  seemingly 
much  dislocated.  These  pass  into  No.  4,  beds  which  are  very 
similar  but  contain  bands,  strings,  and  masses  of  limestone,  not 
now  visible,  for  they  have  been  hidden  by  the  building  of  the 
railway-station  and  works.  These  limestone  veins,  &c.,  contain 
fossil  moUusca  similar  to  those  in  No.  7.  I  have  hitherto  been  un- 
able to  describe  or  identify  these  fossils  on  account  of  the  impossi- 
bility of  developing  them  or  extracting  them  from  the  rock ;  but  I 
believe  them  to  be  for  the  most  part  of  undescribed  and  extinct 
species.  These  beds  I  am  inclined  to  think  are  a  repetition  of 
those  on  the  southern  side  of  San  Fernando,  namely  at  Bontour 
Point. 

The  foregoing  portion  of  the  section  is  on  the  northern  side  of 
the  wharf  at  San  Fernando.  The  following  portion  is  on  the 
southern  side. 

No.  5  is  a  series  of  grey  marls  passing  under  the  Hospital  Hill. 
These  marls  contain  QlMgerina  and  other  foraminifera,  and  are 
occasionally  interbedded  with  darker  shaly  layers.  Their  strike  is 
approximately  W.N.W. ;  like  all  the  beds  exposed  in  this  section, 
they  are  inclined  at  a  high  angle,  often  approaching  the  vertical. 
To  the  north  they  are  terminated  by  the  'great  fault  or  series  of 
faults  surrounding  the  Naparima  Hill,  and  to  the  south  by  another 

1  The  Eocene  seriee  of  Manzanilla,  whose  fauna  has  little  in  common  with 
that  of  the  Naparima  Marls,  was  deposited  on  the  northern  side  of  the  ridge  of 
Secondary  strata  crossing  the  middle  of  the  island,  and  probably  in  shulow 
water,  since  the  fauna  so  far  as  known  would  suit  a  depth  of  less  than  60 
fathoms.  On  the  other  hand,  the  Naparima  Marls  were  thrown  down  on  the 
southern  side  of  the  Seoondarv  ridee,  in  water  gradually  deepening  from  the 
beginning  of  the  Eocene  perioa  to  tne  close,  perhaps,  of  me  Miocene  period. 
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fault  bringing  up  (as  I  believe)  Uie  lowest  beds  of  the  Naparima 
Series,  Nos.  6,  7,  and  8.  Some  of  these  appear  to  have  been 
deposited  in  shallow  water,  and  contain  compact  dark-coloured 
limestone  in  irregular  masses.  Such  rocks  occur  at  the  railwdy- 
Btation  as  well  as  at  Bontour  Point,  as  already  observed.  Though 
they  are  full  of  fossils,  I  have  not  found  it  possible  to  obtain  any  in 
a  condition  for  specific  identification.  The  generic  position  of  some 
can  be  made  out,  and  it  is  not  imlikely  that  one  or  more  may  be 
identical  with  Manzanilla  fossils.  The  more  resisting  nature  of 
these  harder  beds  has  given  rise  to  the  protruding  bluff  of  Bontour 
Point,  and  their  extension  westward  into  the  Gulf  is  marked  by 
rocks  standing  out  of  water  to  a  height  of  several  feet.  The  most 
prominent  of  these  is  a  small  islet  called  Farallon,  composed  of  a 
fossiliferous  limestone,  the  chief  contents  of  which  are  Amphistegina, 
Nummulina^  Spirorbis  (Rotularia)  clymenwides^  and  Nullipores. 
At  the  time  I  first  knew  it  (1859)  this  islet  was  a  pinnacle  nearly 
sixty  feet  high,  but  it  was  cut  down  to  less  than  half  by  a  gentle- 
man who  intended  to  build  a  house  on  it,  a  purpose  frustrated  by 
his  death.  In  this  series  (No.  7)  and  perhaps  inferior  to  the 
Amphistegina-T€K^  comes  the  Orbitoides  (asphaltic)-bed  which  was 
figured  in  the  '  Geological  Beport,'  and  described  by  me  in  1863  and 
1866.  Since  then  I  have  met  with  some  interesting  specimens 
showing  the  probability  that  the  a8phalticmatt«er  with  which  this  bed 
and  the  neighbouring  ones  are  impregnated  was  introduced  after  their 
deposition  and  consolidation.  These  specimens  consist  of  indurated 
portions  of  the  Orbitoides-hed,  composed  almost  entirely  of  Orbit- 
oides,  Nummulina,  and  Tinoporus,  identical  in  fact  with  the  other  and 
more  friable  portions  of  the  bed,  but  without  any  contained  asphalt. 
These  are  indeed  portions  of  the  Orbitoides-hed  in  which  induration 
has  preceded  and  excluded  the  asphalt. 

This  series  of  beds  (Nos.  6,  7,  and  8  of  the  section)  has  supplied 
several  fairly  preserved  fossils,  of  which  I  gave  a  list  in  this  Journal, 
vol.  xxii.  (1866)  p.  572.  Of  these  Echinolampas  avumserpentis, 
Baniiia  porifera^  and  Terebratula  cameoides  have  recurred  in  the 
Eocene  limestone  of  St.  Barts,  one  of  the  north-eastern  West  India 
Islands,'  while  a  specimen  of  Rotularia  (Spirorbis)  clymenioides 
has  been  given  to  me  as  coming  from  the  argiline  of  Naparima 
Hill,  and  another  as  having  been  found  in  the  Pointapier  cutting, 
both  Cretaceous  according  to  the  Geological  Survey.  I  have  already 
noted  that  the  Rotularia  is  abundant  in  the  Amphistegma-rw^, 
These  lower  shallow-water  beds  of  the  Naparima  Series  are  probably 
brought  up  here  by  the  fault  shown  in  the  section  under  the  heading 
*•  Paradise  Gate,'  and  they  may  be,  as  I  have  already  observed,  a 
continuation  of  the  somewhat  similar  beds  near  the  railway-station, 
the  rocks  under  Hospital  Hill  being  &7o&2^en9ui-marls  Uke  those 
between  Bontour  Point  and  Sipero  Creek.  I  may  note  that  none  of 
the  limestone-beds  retain  their  characters  for  any  great  distance. 

^  Duncan,  Quart.  Journ.  Geol.  Soc,  toI.  xxix.  (1873)  p.  548.  See  also 
Dayiduon,  Geol.  Mag.  for  1874,  p.  158. 

a  J.  G.  a  No.  192.  2  0 
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Next  to  the  OrhiUndes  and  AmphigteginarTi}^  eome  the  deeper 
water  beds  in  which  I  found  Nucula  Schomhurgki,  Leda  Faekeri^  and 
Stomatia  eidolon.  The  Nucula  and  the  Leda  were  originally  de- 
scribed by  Forbes  in  Bchombnrgk*s  'History  of  Barbados/  from 
specimens  found  in  Barbados.  The  Nucula  is  very  nearly  allied  to 
JV^  hivirgata  Sow.,  of  the  Qault,  and  also  to  N.  Cobboldiaf  Sow., 
of  the  Crag,  but  it  is  nearer  to  the  former  than  to  the  latter.^  The 
Nucula-he^  are  made  up  of  a  fine-grained  grey  rock  with  a  greenish 
tinge  and  a  conchoidal  fracture.  They  are  more  coherent  and  tougher 
than  the  Olol>igerinar-hedB  generally,  and  in  external  appearance 
resemble  some  of  the  radiolarian  marls  (especially  No.  2).  The  tail 
of  a  fish  was  found  in  a  nodule  in  these  beds.  Foraminitera 
(Globigerina,  Nodosaria,  &o.)  occur  plentifuUy.  It  is  here  ohiefiy 
that  TrocKammina  coronata,  T.  eonglobaia^  and  Spiroloeulina  abound ; 
these  are  generally  rare  in,  or  altogether  absent  from,  most  of 
the  other  beds. 

This  portion  of  the  section  (from  Nos.  6  to  9  inclusiye)  was  given 
in  greater  detail  and  upon  a  different  scale  in  my  1866  paper  in 
this  Journal.  The  strike  is  somewhat  south  of  west  and  the  beds 
are  nearly  vertical. 

Next  following  are  the  beds  10,  11, 12,  13,  in  which  the  dip  is 
reversed,  changing  from  S.W.  to  N.£.  The  organic  contents  are 
deep-sea  foraminifera,  Ohhigerina-formB  largely  predominating, 
with  a  few  ostracoda,  some  small  fishes'  teeth  and  otolites,  and  echi- 
noderm  spines.  At  the  southern  end  of  these  and  near  Sipero 
Greek  are  quantities  of  boulders  of  a  hard  material.  These  appear 
t-o  have  been  included  in  the  *  Geological  B«port '  under  the  term 
"indurated  sandstone."  A  microscopic  examination  of  these 
boulders  reveals  a  structure  similar  to  the  argiline  of  Naparima  HilL 
They  are  also  of  a  similar  but  variable  and  much  darker  colour.  I 
have  not  found  any  such  rock  in  place.  Probably  it  exists  in 
nodular  and  lenticular  masses  in  the  softer  strata,  whose  decay  and 
denudation  leave  the  hard  portions  to  accumulate  on  the  beach. 

From  the  mouth  of  Sipero  Creek  to  Ally  Creek  the  strata  are  not 
exposed,  being  covered  by  swamp  and  mud-flats.  Two  or  more 
faults  occur  here.  At  No.  15  there  is  a  shell-bed  containing 
Numfnulina^  CristeUaria,  Nodosaria  (raphani8trum\  and  a  few 
other  foraminifera,  some  mollusca,  and  also  fishes'  teeth  and  otolitea. 
This  shell-bed  is  a  reddish-brown  ferruginous  rock  with  large  green 
grains.  The  latter  often  predominate,  so  that  the  rock  shows  green 
when  broken  across  the  planes  of  deposition,  the  reddish-brown 
colour  being  apparent  only  when  the  fracture  is  coincident  with 
those  planes.  As  the  land  where  this  stratum  is  exposed  has  slipped 
very  considerably  I  could  not  ascertain  the  true  dip  or  strike,  or  the 
relations  to  the  other  beds.  I  am  inclined  to  think,  however,  that 
this  bed  together  with  the  next  strata  (16,  17)  are  possibly  an  ex- 
tension of  Nos.  6,  7,  8,  9,  and  10  brought  up  by  the  Sipero  and 
Ally  Creek  faults.     Foraminifera-beds  now  come  in  again,  Nos.  16 

^  See  Proc.  Sclent.  Assoc.  Trinidad,  1881,  p.  170. 


Digitized  by  VjOOQ IC 


TEBTIASr  MICBOZOIC  POBMATIOKS  OF  TBIlnSAD.  £25 

and  17  (Ohhigerina,  &o.)y  and  then  the  section  is  terminated  on  the 
south  and  west  by  the  swamps  and  mud-flats  of  the  Oropuch  Lagoon, 
beneath  which  lies  the  extension  of  the  radiolarian  marls  of  South 
Naparima. 

Mr.  Louis  de  Yerteail,  the  manager  of  Mr.  Lament's  sugar  plan- 
tations in  Bouth  Naparima,  very  kindlj  gave  me  his  assistance  in 
examining  the  rocks  of  that  district.  He  aocompaDied  me  to  the 
seyeral  excavations  and  cuttings  made  in  the  marls  for  railway  and 
agricultural  purposes.  From  these  in  several  instances  I  obtained 
evidence  of  the  dip  and  strike  of  the  rocks  ;  and  I  believe  there  is 
little  doubt  that  the  radiolarian  beds  are  thrown  dovm  below  the 
Oropuch  Lagoon  and  thus  do  not  appear  in  the  coast-section.  No 
clear  case  of  the  junction  of  these  beds  with  the  foraminiferal  beds 
has  been  observed,  and  I  think,  for  reasons  I  will  now  state,  that 
it  is  unlikely — save  under  exceptional  conditions — that  any  such 
case  will  be  found. 

The  faults  marked  in  the  diagram  (p.  522)  are  inserted,  generally 
speaking,  from  inference  only.  The  nature  and  constitution  of  the 
Naparima  rocks  (as  will  be  described  in  the  course  of  this  paper) 
are  such  that  wherever  a  fault  occurs  the  adjacent  rock  is  shattered 
and  broken  up  and  thus  easily  disintegrated  and  removed.  A  ravine 
or  valley  is  almost  always  the  result.  The  rivers  or  creeks  called 
Taruba,  Sipero,  and  Ally  are  each  probably  caused  by  two  or  three 
contiguous  faults.  Wherever  these  or  similar  ravines  come  out  on 
the  coastr-line  they  are  worn  down  by  denudation  below  high-water 
level  and  thus  pass  into  the  state  of  tidal  swamps.  GMisequently 
no  section  is  visible. 


§  3.  Phtsical  ufn  other  Chabacibbb  ov  sovb  or  thb 
Napabima  Micbozoic  Bocks. 

The  following  analyses  of  the  argiline  of  Naparima  Hill  and 
of  the  white  (radiolarian)  marl  of  South  Naparima  are  given  at 
page  132  of  the  Geological  Keport  on  Trinidad  : — 

ArgUine,  WhUe  Marl 

HygroBoopio  Water 2-00    180 

Combined  Water  and  Organic  Matter  460     750 


Soluble  in  Acid, 

Silica  0-391 

Oxide  of  Iron,  Ac 880  I 

Carbonate  of  Lime    375  f" 

Carbonate  of  Magnesia    1*22  J 

Insoluble, 

Bilioa  68-00] 

Alumina,  &o 8*54  \ .. 

Lime   r32j 

Magnesia  

Loss   


14-16 


1-20  J 


6816 


99-80  100,23 

2o  2 
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The  proportion  of  lime  in  the  argiline  is  greater  than  is  here 
shown.  The  report  states  that  the  portion  selected  for  analysis 
was  free  from  calcspar.  But  this  mineral  exists  in  minute  veins 
traversing  the  rock,  and  is  derived  from  the  solution  and  redeposi- 
tion  of  the  calcareous  matter  of  contained  organisms.  The  above 
analyses  show  much  resemblance  in  the  composition  of  the  two 
rocks. 

Now,  as  to  the  argiline,^  considerable  variation  exists  in  different 
specimens  of  it,  but  the  following  characters  apply  generally : — It  is 
extremely  fine-grained  and  readily  abrades  the  teeth  of  a  file. 
While  chiefly  a  siliceous  rock,  it  contains  a  notable  quantity  of  lime 
and  a  certain  proportion  of  alumina.  The  calcareous  matter  is 
either  disseminated  through  the  rock  (probably  its  original  condition) 
or  it  exists  in  the  form  of  minute  veins  of  calcite  as  above  men- 
tioned. The  rock  has  a  lamination  resembling  cleavage,  but  this  is 
crossed  again  by  joints  approximately  at  right  angles  to  the  planes 
of  lamination  and  to  each  other,  so  Uiat  it  breaks  up  into  irregular 
prismoidal  masses,  varying  much  in  size  in  different  beds,  but  ranging 
generally  from  1  inch  in  length  by  ^  inch  in  breadth  and  thiclmcsB 
to  three  or  four  times  those  dimensions.  The  fragments  are  often 
nearly  white  or  of  a  pale  buff  externally,  but  on  being  fractured 
they  are  found  to  be  of  a  deeper  colour  internally.  The  paler  ex- 
ternal colour  is  due  to  the  dissolution  of  the  iron  by  water.  Water 
percolating  through  the  joints  slightly  softens  the  surface  of  each 
prismoidal  piece  and  removes  some  of  its  constituents,  but  penetrates 
only  to  a  very  slight  distance.  Nevertheless,  a  gradual  disintegra- 
tion takes  place  in  the  outer  and  more  exposed  portions  of  the  rock. 
The  lime  and  iron  are  carried  off  in  solution,  and  partly  re-^eposited 
in  the  joints  as  fine  veins  of  calcite  and  black  films  and  dendritic 
markings  of  iron.  The  prismoidal  pieces  into  which  the  rock  sepa- 
rates are  hard  and  tough  and  require  a  smart  blow  of  the  hammer 
to  break  them.  The  material  is  largely  used  for  road  and  railway 
metal.  For  the  first-named  purpose  it  is  not  so  good  as  some 
varieties  of  limestone ;  for  it  rapidly  cnmibles  into  dust  under  the 
ordinary  road  traffic.  But  for  railway  purposes  it  is  probably  un- 
surpassable. 

The  origin  and  nature  of  this  argiline  are  somewhat  problema- 
tical. No  distinct  traces  of  organisms  are  visible  in  it.  Washing 
reveals  no  foraminifera  or  other  fossils.  Unlike  the  South  Naparima 
marl  no  rtidiolaria  or  diatoms  are  developed  by  treatment  with  acid . 
or  otherwise.  Thin  slices,  however,  show  the  existence  of  minute 
cavities  which  are  the  casts  of  fossils  the  original  matter  of  whose 


^  Id  the  Geological  Beport  on  Trinidad  (p.  33)  the  name  '  argiline  *Tras 
applied  to  the  rock  of  Naparima  Hill  and  otber  localitiee.  The  definition  giren 
was  as  follows : — "  Strata  composed  of  an  argillaceous  base,  with  small  equivalents 
of  carbonate  of  Ume  and  free  silica."  This  account  by  itself  alone  is  scarcely 
satisfactory.  The  additional  particulars  now  furnished  will  aid  in  giving  an 
idea  of  the  nature  of  the  rock.  One  use  of  the  material  will  no  doubt  be  for 
polishiug  purposes. 


Digitized  by  VjOOQ IC 


TKBTIABT  mCBOZOIC  FOBMATIONB  OF  TBIITIDAD. 


527 


shells  has  been  altered  or  remoTed. 
The  exact  nature  of  the  bodies 
which  have  thus  disappeared  is  not 
clear;  but  it  may  be  inferred  that 
they  were  foraminifera^  radiolaria, 
and  other  small  organisms.  I  have 
noticed  one  more  definite  fossil,  appa- 
rently the  spine  of  an  Ophiura, 

It  seems  then  that  we  have  here 
a  deep-water  deposit  very  similar 
in  its  origin  to  the  nidiolarian 
beds  of  Naparima  and  elsewhere. 
But  what  are  its  relations  to  the 
Naparima  Marls  ?  Though  no  exist- 
ing sections  show  those  relations,  it 
is  probable  that  it  is  of  more  ancient 
date.  It  is  true  that  direct  evidence 
of  superposition  is  wanting,  but  there 
can  be  little  doubt  on  this  point. 
Naparima  HiU  is  higher  than  any 
other  ground  within  several  miles, 
rising  as  it  does  to  500  feet  above 
sea-level,  while  the  general  surface 
of  the  countr}'  is  under  200  feet.^  Is 
this  superior  height  due  chiefly  to  the 
elevation  of  the  beds  forming  the  hill 
by  subterranean  forces,  or  entirely 
to  the  degradation  of  the  more  de- 
composable Naparima  marls  ?  Viewed 
from  the  Gulf  the  hill  seems  to  rise 
out  of  a  crater-like  depression.  This 
appearance  is  caused  by  the  lai^e 
ravine  which  separates  it  from  the 
neighbouring  but  lower  hill  of  Mon- 
chagrin.  This  large  ravine  has  its 
origin  in  two  great  faults,  which 
run  approximately  N.E.  and  8.E.  re- 
spectively and  meet  near  the  mouth  of 
the  ravine  somewhat  inland  from  the 
position  occupied  by  the  wharf  at  San 
Pemando.  The  hill  itself  is  certainly 
an  anticline,  as  shown  in  the  diagram- 
section  (p.  522) ;  for  on  the  northern 
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^  The  height  of  Naparima  Hill  is  stated 
in  old  documents  at  670  feet.  The  CKk>1o- 
gioal  Surrey  put  it  at  590  feet.  I  hare 
failed  to  make  it  exceed  500  feet.  On  this 
point  see  the  remark  of  Orton  (quoted  in 
Ann.  &  Hag.  Nat.  Hist.  4  ser.  toL  xti.  p.  361 ) 
that  every  sucoessiYe  -measurement  of  the 
Andes  gives  a  reduced  elevation. 
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side  the  strata  dip  to  the  north,  while  on  the  sonthem  side  they  dip 
to  the  sooth ;  the  strike  being  about  E.N.E.  and  W.S.W.,  coinciding 
with  the  longest  diameter  of  the  hill. 

The  foraminiferal  rocks  of  Naparima  consist  of  marls  containing  80 
to  90  per  cent,  of  calcareous  matter.  Some  of  the  beds  contain 
gypsum,  but  not  to  the  extent  or  in  the  large-sized  masses  occorring 
in  the  Nariva  (Miocene)  Series.  When  subjected  to  washing,  about 
one-half  of  the  material  passes  off  as  fine  mud  containing  minute 
foraminifera  ( Olohigerina^  Textularia,  &c.)  such  as  those  found  in 
the  white  Chalk  of  England,  also  Calcaromma  and  coccoliths.  Of 
the  remainder,  one-half  consists  of  indeterminable  and  amorphous 
particles,  bits  of  pumice,  iron  pyrites,  &c.  There  are  a  number  of  rod- 
like forms  of  a  black  colour  and  more  or  less  glistening  or  metallic 
subgranular  texture.  These  may  possibly  be  Lituolidas  or  similar 
foraminifera  and  perhaps  echinoderm  spines  and  pteropod  shells 
impregnated  with  a  compound  of  iron.  The  remaining  half  (=^  of 
the  original  material)  is  chiefly  made  up  of  shells  of  Globigerina^ 
from  among  which  the  other  foraminifera  may  be  picked.  This  is 
a  true  solidified  Glohigerina-ooze,  corresponding  in  essential  features 
with  that  now  found  in  the  abysmal  depths  of  the  ocean. 

Under  treatment  with  acid  a  specimen  of  this  rock  lost  about 
90  per  cent.  The  residue  was  of  a  brown  colour  and  showed  little 
else  but  amorphous  particles.  Here  and  there  traces  of  fossils  were 
visible,  probably  fragments  of  radiolaria  and  sponge-spicules.  In 
other  samples  I  have  demonstrated  clearly  the  presence  of  radiolaria 
and  other  siliceous  organisms. 

The  '*  infusorial "  character  of  the  marls  of  South  Naparima  was 
referred  to  at  pages  86  and  116  of  the  Geological  Report  on  Trinidad. 
There  is  as  much  variation  in  the  physical  properties  and  compo- 
sition and  in  the  organic  contents  of  different  samples  of  these  marls 
SA  in  those  of  the  foraminiferal  beds.  Nevertheless,  many  characters 
are  common  to  all  of  them.  They  differ  from  the  foraminiferal 
marls  in  the  large  proportion  of  silica  that  they  contain.  This  silica 
is  due  to  the  presence  of  so-called  infusorial  fossils,  the  remains  of 
radiolaria  and  diatomacesB.  The  diatomace®  were  described  by 
Greville  in  the  fifth  volume  of  the  Journal  of  the  Microscopieal 
Society.  The  polycystinse  are  similar  to  those  of  the  Barbados  rocks 
described  by  Ehrenberg  in  the  '  Mikrogeologie '  and  elsewhere. 

For  purposes  of  a  brief  description  I  will  select  two  samples  of 
the  radiolarian  marls.  Of  sample  No.  1  from  80  to  40  per  cent,  is 
removed  by  treatment  with  acid.  The  portion  thus  removed  is 
chiefly  made  up  of  foraminifera,  the  remainder  consisting  of  radio- 
laria, &c.,  and  of  iridescent  scales  and  lumps  of  a  whitish  substance. 
The  simple  washing  and  drying  of  a  sample  of  this  rock,  without 
the  use  of  reagents,  furnishes  a  material  strongly  resembling  steatite 
(French  chalk).  It  might  indeed  be  applied  to  the  same  purposes 
as  the  latter  is.  This  material  consists  of  small  scales  and  lumps 
of  a  pearly  grey  colour  and  iridescent  surface,  and  these  form  about 
one-half  of  the  rock,  the  remainder  being  flue  siliceous  particles 
(radiolaria,  &c.)  and  foraminifera.    The  latter  are  present  in  notice* 
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able  quantity,  though  they  do  not  form  bo  large  a  proportion  of  the 
rock  as  they  do  in  the  foraminiferal  beds. 

Sample  No.  2  is  a  much  harder,  tougher,  and  more  coherent  rook 
than  the  foregoing.  Its  tinge  is  slightly  more  of  a  greenish-grey 
and  it  is  less  chalky  in  appearance.  Its  fracture  is  more  decidedly 
conchoidal.  Hadiolaria  and  diatomacesB  abound  in  this  rock,  but 
foraminifera  are  not  so  evident,  partly  no  doubt  from  its  state  of 
aggregation.  Coccoliths  occur  plentifully,  and  so  do  the  minute 
stars  of  Calearomma  calcarecu  This  rock  loses  one-half  its  -weight 
by  treatment  with  add.^ 

To  the  account  just  given  of  the  composition  of  the  microzoic 
rocks  of  Naparima,  I  may  add  a  brief  description  of  some  of  their 
physical  properties.  The  soil  derived  from  their  decomposition  is 
exceedingly  rich  and  easily  worked.  As  some  drawback  to  this 
tliey  present  difficulties  to  the  road-maker  and  to  the  engineer 
whose  business  is  water-supply. 

[Part  of  the  following  is  taken  from  a  paper  of  mine,  '  On  the 
Water-bearing  capacities  of  some  of  the  Kock-formations  of  Trini- 
dad,' published  in  the  Trinidad  Agricultural  Hecord  for  1891.] 
When  a  piece  of  the  foraminiferal  rock  is  placed  in  water  it  absorbs 
it  rapidly  and  soon  falls  asunder.  This  substance  is  capable  of 
union  with  a  large  quantity  of  water,  and  the  water  which  enters 
into  union  with  it  is  given  up  only  to  evaporation.  Hence  springs 
or  streams  are  never  found  in  these  rocks.  That  portion  of  the 
rain  which  does  not  penetrate  the  soil  flows  off  at  once  as  flood 
water,  and  that  part  which  does  penetrate  is  only  removable  by 
the  sun's  heat.  Prom  these  properties  it  follows  that  the  natural 
soil-roads  passing  over  these  rocks  become  in  the  wet  season  the 
worst  quagmires  it  is  possible  to  imagine. 

Another  property  of  these  rocks  is  attributable  to  the  same 
facts  of  physical  constitution.  During  the  wet  season  they  become 
saturated  with  moisture.  This  effect  is  greatest  at  the  surface  and 
diminishes  downwards.  An  increase  of  bulk  is  the  result  of  the 
absorption  of  so  much  water.  In  the  dry  season  the  heat  of  the 
sun  carries  off  a  considerable  part  of  the  water.  Hence  the  soil 
contracts,  producing  numerous  and  extensive  cracks.  These  cracks 
are  often  several  inches  wide  and  run  for  long  distances.  It  is 
somewhat  difficult  to  ascertain  their  depth,  but  in  some  cases  at 
least  it  is  20  feet  or  more  at  the  end  of  a  long  and  severe  dry 
season.  These  cracks  get  partly  filled  with  fragments  broken  and 
detached  from  the  sides.  Then,  when  the  wet  season  comes  on 
again,  the  rainwater  flows  freely  into  the  cracks,  washing  down 
the  debris  of  the  surface  and  uniting  with  the  loosened  and  fallen 
fragments  and  with  the  sides  of  the  cavities.  The  saturated 
materials  now  expand  and  act  as  wedges,  riving  and  breaking  up 
the  rock  to  a  depth  of  20  feet  more  or  less  according  to  circum- 
stances.    The  repetition  of  this  action  year  after  year  causes  such 

^  For  oomplete  analysee  of  these  Trinidad  rocks,  the  reader  should  consult 
the  valuable  paper  published  by  Messrs.  Jukes-Browne  and  Harrison  in  the  Aiay 
number  of  the  present  volume  of  this  Journal,  p.  219. 
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an  entire  disintegration  of  the  rock  that  its  original  textnre  can 
nowhere  be  seen  except  in  deep  cnttings.  AH  traces  of  fossils 
are  obliterated. 

The  radiolarian  marls  differ  from  the  foraminiferal  marls  in 
some  respects.  Some  of  them  are  eqaally  incoherent  when  exposed 
to  water  and  have  an  equal  power  of  absorption.  But  the  mud 
they  produce  is  not  quite  so  tenacious ;  this  is  due  to  the  presence  of 
silica  in  fine  division.  Other  varieties  are  more  coherent  and  have 
a  larger  proportion  of  radiolaria  and  a  smaller  proportion  of  amorphous 
sUica  (or  silicate  of  magnesia).  But  from  the  point  of  view  from 
which  we  are  now  looking  at  them,  all  these  marls,  whether 
derived  from  the  radiolarian  or  from  the  foraminiferal  deposits,  act 
much  in  the  same  manner. 

The  marls  of  the  I^ariva  Series  furnish  a  less  fertile  soil.  But 
as  regards  adaptability  for  road-making  they  are  little,  if  any, 
better  than  the  marls  of  the  Naparima  Series. 

I  think  it  highly  probable  that  in  some  of  the  marls  we  have 
a  material  suitable  for  the  manufacture  of  cement,  though  which 
of  them  will  prove  best  adapted  for  the  purpose  is  matter  for 
experiment.  Possibly  those  of  the  Nariva  Series,  such  as  are 
found  in  the  neighbourhood  of  Yistabella  and  Ne-plus-ultra,  maj 
be  found  to  possess  good  qualities.  On  the  other  hand  some  of 
those  on  Paradise  and  Les  Efforts  may  be  better  in  some  respects. 

By  way  of  parenthesis  I  may  refer  here  to  a  question  that  has 
more  than  once  been  put  to  me,  that  is,  as  to  the  nature  and 
origin  of  the  shells  found  scattered  over  the  surface  of  the  soil  in 
Naparima  and  other  parts  of  Trinidad.  These  are  generally  recent 
shells  and  have  no  connexion  with  the  formations  on  which  they 
are  found.  Mollusca  taken  on  or  near  the  shore  have  been  carried 
up  the  country  for  food  and  the  shells  have  been  thrown  about.  In 
a  few  eases  fossil  shells  are  found  on  the  surface,  but  this  occurs 
only  where  there  is  some  exposure  of  a  shell-bearing  stratum. 
And  this  is  not  very  common  in  Trinidad,  especially  in  the  Napa^ 
rima  district. 


§  4.  The  Poiwtapieb  Sectiok. 

Our  section  of  the  Naparima  deposits  ends  northward  at  Tamba 
Creek.  Little  can  be  made  of  the  stratigraphy  of  the  next  two 
miles  until  we  come  to  the  coast-section  at  Pointapier.  A  diagram 
of  this  was  given  in  the  Geological  Report  on  Trinidad  (sheet  No.  2, 
fig.  2).  The  details  were  very  imperfectly  rendered,  and  it  was 
scarcely  possible  that  it  should  be  otherwise.  Since  the  time  of 
the  Geological  Survey  a  railway-cutting  has  been  made  s  short 
distance  inland  from  this  shore-section.  But  even  with  the  aid 
of  this,  little  additional  light  can  be  thrown  upon  the  age  and 
relations  of  the  rocks  named  by  the  Geological  Survey  'Older 
Parian'  and  considered  to  be  of  Lower  CiBtaceous  (Neocomian) 
age. 
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What  farther  information  I  have  gleaned  shall  be  briefly  stated 
here.  For,  although  the  object  of  this  paper  is  more  particularly 
the  microzoic  marls  of  Naparima,  I  believe,  from  palaeontologioal 
and  stratigraphical  considerations,  that  there  was  no  real  breiJi:  in 
the  series  of  deposits  from  the  Cretaceous  to  the  Eocene  in  the 
Parian  area.  Oscillations  of  level  there  probably  were,  and  move- 
ments of  the  earth's  crust  appear  to  have  been  frequent ;  but  sea 
prevailed  in  this  region  throughout  the  period  and  the  fauna  of  the 
Cretaceous  is  perhaps  more  intimately  linked  with  the  Eocene  than 
that  of  the  latter  is  with  the  Miocene. 

In  1863  I  contributed  to  the  •  Geologist'  (pp.  204  and  363)  a 
notice  of  some  fossils  that  I  had  found  at  Pointapier.  These  included 
a  belemnite,  a  Trigonia^  and  some  other  moUusca  considered  to  be 
identical  with  species  found  in  Lower  Cretaceous  rocks  in  South 
America.  I  have  lately  been  led  to  suspect  that  these  fossils  came 
from  a  bed  of  shaly  conglomerate  in  which  the  shaly  material  is 
the  matrix,  while  the  fossils  and  pebbles  are  derived  from  a  pre- 
existing rock. 

On  my  last  visit  to  this  locality  I  found  exposed  a  bed  I  had 
never  seen  before.  It  is  a  very  fine-grained  material  containing 
small  shells,  of  which  the  most  abundant  is  a  Ditrupa,  There  are 
some  pteropods  and  other  mollusca.  In  the  presence  of  water  this 
rock  is  the  most  incoherent  of  any  I  have  ever  met  with.  It  falls 
into  powder  at  the  mere  contact  of  water,  and  for  the  most  part 
the  fossils  disintegrate  likewise,  so  that  there  is  a  difficulty  in 
getting  anything  like  perfect  specimens.  Careful  washing  brings 
to  light  a  considerable  number  of  extremely  minute  foraminifera. 

A  few  foraminifera  may  be  obtained  of  ordinary  size,  but  lai^e 
specimens  generally  go  to  pieces.  There  then  remain  the  far 
more  numerous  minute  forms,  together  with  spicules  of  Tethya^ 
Mdlichondriay  Oargonia^  &c.,  and  amorphous  particles.  The  most 
abundant  foraminifera  in  this  rock  (after  Olohigerina)  are  BolivincB 
of  many  varieties  and  some  MUioUnce,  BoUvincB  are  rather  rare 
comparatively  in  the  Naparima  foraminiferal  marls,  and  MilioUruB 
are  not  common  in  them.  In  the  next  portion  of  this  paper  I 
give  lists  of  the  foraminifera  from  the  Pointapier  microzoic  rock  and 
from  the  radiolarian  marls.  A  thorough  exploration  of  these  rocks 
will  yield  many  more  forms.  Of  the  few  I  have  isolated  some  have 
been  left  unnamed,  including  a  PulvinuUna  (P.  canariensU  possibly), 
a  Truncatulinay  snxd  &  Eoialia,  So  far  as  revealed,  the  foraminiferal 
fauna  of  the  IHtrupa-hed  resembles  that  of  the  radiolarian  marls 
of  South  Naparima  in  the  characteristic  OlobigerincBy  in  the  small 
size  of  the  generality  of  the  species,  and  in  the  abundance  of  minute 
BoUvincB.  On  the  other  hand  calcareous  {Oorgonia)  spiooles  are 
rare  or  wanting  in  the  radiolarian  marls,  and  I  have  not  detected 
Miliolince  in  them.  And,  moreover,  the  last  mentioned  rocks  are 
distinguished  by  the  abundance  of  radiolaria  in  them  and  by  the 
occurrence  in  large  quantity  of  silicate  of  magnesia. 
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§  5.  The  FoRAMunpEBiL  Fauna. 

In  determining  the  foraminifera  Mr.  C.  Davies  Sherbom,  F.G.S., 
was  good  enough  to  offer  me  his  assistance,  and  he  b^an  the 
examination  of  my  specimens.  But  unfortunately  his  sight  became 
affected,  and  I  was  thus  thrown  back  upon  my  own  resources.  But  I 
have  since  had  the  help  of  Mr.  Joseph  Wright,  F.G.8.,  of  Belfast,  and, 
thanks  to  his  aid  in  the  correction  of  names  and  the  identification 
of  forms,  I  trust  that  errors  are  not  numerous  in  the  lists  which 
follow.  Although  Mn  Wright  assisted  me  in  the  naming  of  the 
foraminifera,  I  am  solely  responsible  for  the  lists. 

Notes  and  observations  are  appended  to  the  lists.  The  relatire 
frequency  of  occurrence  of  the  different  forms  is  expressed  by  the 
appended  letters  as  follows : — 

I   signifies  that  from    1  to      5  specimens  have  been  obtained. 


V 

»> 

5> 

„      5  to    10 

99 

X 

9? 

»J 

„    10  to    50 

i> 

L 

»> 

»» 

„    60  to  100 

>» 

C 

» 

»J 

100  or  more 

91 

D 

1> 

>9 

many 

>9 

M 

>5 

>» 

very  many 

1» 

These  indications  must  be  taken  as  applicable  only  to  the  whole 
series  of  beds  comprised  under  each  division  of  the  list,  especially 
as  regards  the  Olohigerina-hGdB.  Certain  species  are  only  found 
in  particular  beds.  Bigenerina^  Qlandvlina^  and  Polymorphina 
are  wanting  in  several  beds.  Miliolina  may  be  said  to  be  abundant 
in  one  bed  only,  while  in  another  scarcely  anything  but  Olobigerina 
is  to  be  found. 


A.  FOBAUIHIFBBA  FROII  THB  OrBFTOIDBS  ABD  AllPHISTBaiBA-BBDfl. 

(No8.  7  &  8  of  Section.) 


ybnionina  eUpresfula,  W.  &  J. . . .  I 

Nummulina  liamondif  Defr.    ...  M 

Orbitoides  Mantelli^lAori,   M 

diapansa. 


•papyracea, 
-media. 
-  Forbesi, 


=Varietie8    of 
ManteUi, 


Discorbina  Berthelotif  Orb I 

Tinoporua  Oiterisctts,  Guppy    ...  M 

globukay'SLenn I 

Amphiategina  LesaanitOih M 

Nodosaria  raphamsirumf  Liiin.  .  Y 
Ammodiacus  incertust  Orb I 


B.   FOBAMIBIFBBA  FROM  THB  ShBLL-BBD,  AlLT  ObBBK. 

(No.  15  of  Section.) 


Nodoaaria  raphaniatrumt  linn.  .  X 

Cristellaria cidtrata^'Mont X 

papUfoaa,  F.  AM X 

PlanorbuUna  larvata,  P.  &  J.   ...  I 


Heterastegina  deprtaaa^  Orb. X 

Nummidina  radiata,  Orb L 

Miliolina  trigantda^  Lam V 

Spirdoculina  aiata,  Terq I 
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0.  FoSAMINIFaiU  rROU  THB  ^LOBIGKRIXA'BBSB. 

(N08.  9  to  17  of  Section.) 


RotaUa  Soldawu^Orh M 

orlnculans,  Orb.  D 

Broeckiatiat  Kktt C 

Nonicnina  exponens,  Brady I 

pompilioides^  F.  &M.  I 

Pulamulina  favus^  Brady X 

pauperata,F,&3 D 

lYunaUtdina  JSaidingeri,  Orb.  .  I> 

cuUer.V.AS D 

temiimarffo,Bndy   0 

^tfnem,  Brady    L 

Aleneriana,  Orh,   X 

AnomalinaWulleraorfi, Schw,.,.  M 

ffro89erugoM^  Qumh D 

PuUenia  spharoides.  Orb L 

Sph^nvidina  buUoidea,  Orb,  L 

(rlobifferina  bulUridea,  Orb.   M 

c^t^'^a,  Brady    X 

packvdo'fnat  "Sbr M 

conglobata,  Bndj    M 

2>u^^m,0rb M 

OrbuUna  univena^  Orb.   I) 

Sagrina  striata^  Sohw I 

virffula,  Bradj I 

UoigerinapygnkBa:^  Orh,  L 

tenuistriata^'SiitxjM    X 

asperula^O^z L 

canariensis.  Orb,  V 

brunnenaiSt  Karr V 

PolymarphifM  Uictea^  W.  &  J L 

gtSba^Orb.    V 

^attflt,Orb X 

rotundata^Born  X 

lancwUUa^  Beuss I 

eleffantiii8ima,'P,&J V 

Aorruia,  Beu88 I 

Orbignyi,  Zbor I 

CristeUarid  euUrata^  Mont L 

orhiculariB,  Orb I 

rotuUxta^lAm V 

oiMWiF.&M. I 

nitidcL^Orb I 

^i66a,  Orb.    V 

—  fwii/brwiw,  Orb.    I 

crepidtUa,¥.k^ V 

comprena.Orb X 

obtiuata^  Bellas     X 

t^fca,  Defr V 

Vafftnidina  Uffumen,  Linn V 

Margmulina  glabra^  Orb.     I 

oosiata,  Ba^taoh  »^ I 

Glandulinarotundata.B^utB  ,..  V 

oMumsstma,  BeuBs   Y 

- — ^  ip^ua^ia,  Beuas Y 

itft^o^Orb X 

Nodaaaria  raphanistrum,  Linn.  .  Y 

bacillum,  Defr. X 

'^-^  raphaiMB,  JAaJU   X 


Nodoaaria  oUiguata^  Baisoh     ...  Y 

a^^^Morum,  Brady X 

cwiulata^  Bjbmm   Y 

z;er^e6ra/ts,  Batfloh    Y 

catenulata,  Bndj    Y 

riM^tf,  Orb.    L 

pyrula^Orb Y 

— —  hispidOy  Orb L 

niiida^Orb Y 

reM^KM^,  Linn.    L 

ovieula.  Orb X 

caloTnorpha^Bevum   X 

glabra^  Orb. X 

semieiriatat  Orb X 

— "TugosOf  Orb Y 

simplex,  Silveatri Y 

aeaiari$f  BatmAi    X 

cotuobrina.  Orb C 

pauperatat  Orb X 

obliquOjIArm X 

jM(/Jrmw,  Orb X 

communis.  Orb X 

Roemeri,  Neug X 

mucrofuUa,'Seug X 

^^tM^o^a,  Orb X 

Lagena  elonqata,  "Ebr I 

grcreUlima,  Seg I 

apiculataf  BibUBB  X 

di8toma,V,&J I 

^vis,  Mont. t I 

squamoaomargiruUa,  P.  &  J.  X 

marginaiei,  W.kB X 

osp^o,  BetiM    I 

hispidaf  B^uaa  X 

sulcata,  W.k  J I 

Frondicularia  pupa,  Orb.     Y 

interrupta^  Ka,rr Y 

inaqualis,  CoistBk    X 

CoMidulina  lavigaia,  Orb I 

m^/io^oso,  Brady 0 

Bolivind  pusiUa,  Sch  wager  Y 

Chilostomella  ovaidea,  "Reum    ...  I 

Fleuroetomella  breins,  Sch  w X 

rapa,G}2mb Y 

altemans,  Bohw X 

Bulimina  eHegans,  Orb Y 

<^iiu,Orb Y 

pupoides,Orb Y 

Buchiama,  Orb I 

Gaudryina  pupoides,  Orb X 

Textularia  agglutinans,  Orb.     ..  X 

porrecta,  BnuAj Y 

trochus,Orb Y 

Barreii,B,&J Y 

Spiroplecta  amerieana,  "Ehr,    ...  Y 

anMctens,'P,kiS I 

Pavonina  flabelli/ormis,  Orb.    ...  I 

Bigenerina  capredus,  Orb D 
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C.   FORAMIICIFHRA  FROM  THB  GlOBIOBBIITA-BBDS  {COfUtnuet^. 


Bigenerina  pennatula,  Batsoh  ...  0 

Tntaxiatricarinata^'Eieum  I 

VemeuUina  pygnuBa^  Egg X 

propinqiuifBndj X 

ClavultTta  communis,  Orb.    X 

parisienaSj  Orb.   X 

clamUus,  Lam V 

Beaphax  pUulifera,  Brady X 

nodulosa,  Brady   V 

Haplophragmium  agglutinam^  Orb.  V 

glomeratvm^  orBidy  V 

emadaium,  BrBAy    X 

Cyolammina  caneelkUa,  Brady ...  L 

ptisUla,Brady  X 

orbictdaria,  Brady    X 

Ammodiisoua  incertus.  Orb.  D 

tenuia^Brd^y   0 


Ammadiacus  Shoneanus,^\dd...,  X 

Hormosina  globulifera,  Brady  ...  X 

Webbinaclavata^J.&'P X 

I'rochammina  eoranata,  Brady  .  X 

eonglobata,  Brady    X 

lituiformiSf  Brady    I 

Planiapirma  aetata^  GostA    L 

SpirolocuUna  tenuis,  Gzjz I 

liinbata,Orb V 

MUiolina  trigonula.  Lam I 

pugmaayBAvtBS X 

Bilociuina  depresaa,  Orb. X 

lavis,  Befr I 


Cakaromma  oalcarea,  Thompe. 
Ck)ooolithjB» 


D.   FORAMINIFBRA  FROM  TBB  PoiNTAPIER  DrTRUPA-BBO. 


Anorridlina  ammonoides,  Beuss. 
Truncatulina  reticulata,  Gzjz. 
Orbulina  universa,  Orb. 
Globigerina  buUoides,  Orb. 

triloba.  Orb. 

quadrilohata.  Orb. 

Lagena  marginata,  W.  &  B. 

graoi/lima,  Seg. 

Nodoiaria  vertebralis,  Batscb. 

oUiqua,  Linn. 

pgrula,  Orb. 

raphanus,  Linn. 

Cristellaria  cuiirata,  Mont. 

echinaia,  Orb. 

— —  acuieata,  Orb. 


CristeUaria  calcar,  Linn. 
Bolivina  alata,  Seg 


anarten8%s,  < 

Uvigerina  porrecta,  Brady. 
Spirolooulina  excavata.  Orb. 
MUiolina  oblonga,  Mont. 

venusta,  Karr. 

bicornis,  W.  k  J. 

Auberiana,  Orb. 

seminulum,  Linn. 

VemeuUina  polgstropha,  Beius. 
Gaudryina,  n.  sp. 

Calcaromma  oalcarea,  Thomps. 


FORAMIKIFBRA  FROM  THE  BaDIOLARIAB  BbDB. 

(No.  18  of  Seodon.) 


Anomalina  Wullerstorjl,  Scb? 
Nodosaria  hispida,  Orb. 

globosa.  Orb. 

pyrula.  Orb. 

radicula,  Linn. 

Polgmorphina  gutta,  Orb. 
Frondicularia  pupa,  Orb. 
Bolivina  robtista,  Brady. 


Gaudryina  pupoides.  Orb. 
Globigerina  buUoides,  Orb. 

conglohata,  Brady. 

packyderma,  Bhr. 

Spharoidina  buUoides,  Orb. 


Calcaromma  calcarea,  Thompa. 
Goocoliths. 


Notes  ok  the  Lists  of  Spbcieb. 

Timporus  asteriscfis. — Described  by  me  in  Quart.  Joan.  GeoL 
Soc.  Tol.  zxii.  (1866)  p.  584,  pi.  xxvi.  fig.  19,  as  Cisseig  asterisca, 
1  noted  the  resemblance  to  Spargispongia ;  but* is  it  certain  that 
Sparmpongia  is  not  a  relation  of  Tinoporus  ? 

Tinoporus  asteriacus  differs  in  several  cbaraoters  £rom  T^  haeu- 
latus^  to  which  I  referred  it  in  a  paper  published  in  1890.  It  is 
ususdly  more  flattened  and  more  like  a  small  Gonuuter  in  shape. 
Both  surfaces  are  alike.    The  number  of  rays  is  uaually  four  or 
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five,  very  rarely  six,  and  there  is  no  obvious  external  difference  in 
structure  between  the  rays  and  the  centre  of  the  disc.  The  internal 
structure  as  shown  by  sections  is  similar  to  that  of  other  species  of 
TinopariUj  but  recalls  that  of  Orbitcides  also. 

Nodosaria  raphanistrum, — The  specimens  from  the  OrbitoidM^ 
bed  and  the  Ally  Creek  shell-bed  are  well-grown,  large,  strong,  and 
closely-ribbed.  They  are  seldom  procured  entire  owing  to  the 
nature  of  the  matrix.  The  examples  firom  the  Ohbigerina-heda  are 
rare  and  much  smaller  and  weaker. 

Orbtdina, — I  have  opened  several  specimens  and  have  in  nearly 
aU  cases  found  them  to  contain  the  internal  polythalamous  skeleton. 

Webbina, — The  specimens  of  Webbina  clavata  are  usually  found 
adherent  to  Ammodiscus  incertus  and  other  foraminifera. 

Spiroplecta  americana, — The  few  examples  of  this  species  which 
have  been  found  are  black,  except  on  the  prominent  parts  which 
are  white,  as  if  the  specimens  had  been  plunged  into  ink  and  quickly 
withdrawn.  This  coloration  is  no  doubt  due  to  infiltration  by 
iron. 

Many  of  the  foraminifera  are  tinged  with  colour.  Some,  no 
doubt,  retain  a  trace  of  their  original  hue.  Such,  for  example,  as 
Bigenerina^  which  is  usually  brown,  but  sometimes  (especially 
B.  eapreolus)  grey. 

Nw  Olobigerina  is  usually  of  a  brilliant  white,  and  so  are  the  Nodo- 
8arice,  both  being  rarely  brown  or  black.  Many  of  the  arenaceous 
forms  are  often  of  some  shade  of  brown.  Black  glistening  specie 
mens  are  occasionally  seen. 

The  Pointapier  species  are  for  the  most  part  minute,  the  Globi- 
gerincB  being  almost  the  only  forms  of  full  size,  and  these  are 
usually  white,  the  other  foraminifera  being  mostly  tinged  with  a 
deep  red  colour  or  filled  with  matter  of  that  hue.  Some,  however, 
are  bright  and  polished  and  retain  their  original  structure  very  per- 
fectly. The  minute  BolivincB,  which  are  numerous,  appear  to  show  a 
spiral  commencement  like  Spiroplecta,  When  mounted  in  Canada 
balsam  it  is  difficult  to  distinguish  these  from  the  minute  Textularue 
of  the  Chalk  or  of  the  Naparima  rocks. 


§  6.  GsiTBBAL  Conclusions. 

The  Eocene  molluscan  faunas  of  Trinidad  show  no  near  alliances 
with  any  other  known  faunas.  In  this  they  differ  from  the  well- 
known  and  easily  recognized  Miocene  fauna  found  in  Haiti, 
Jamaica,  Cuba,  Cumana,  Trinidad  (Caroni  Series),  and  other  locali- 
ties. Nevertheless  a  few  of  the  forms  have  been  found  elsewhere. 
The  Echinolampas  avumserpentis,  Terebratula  cameoides,  and  Eanina 
porifera  of  the  Naparima  Beds  recur  in  the  Eocene  of  St.  Bartholo- 
mew's (north-eastern  West  Indies),  and  I  have  already  noted  that 
the  same  beds  have  a  Nucula  and  a  Leda  in  common  with  Barbados. 
It  is  only  with  doubt  that  the  name  of  Natica  phasianelloideSj  a 
Miocene  fossil  of  Cuba  and  Jamaica,  can  be  assigned  to  the  imper- 
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feet  casts  found  near  San  Fernando  in  Trinidad.  Of  these  casts 
some  are  folly  6  inches  long.  Some  Pinna-like  shells,  also  in  the 
state  of  caste,  f  onnd  in  these  beds  are  still  larger  than  this.  Erycina 
tensa,  a  near  ally  of  E,  ohliqiia^  Caillat,  of  the  Paris  Eocene,  was 
described  by  me  from  the  Manzanilla  Beds  in  Trinidad.  Gabb 
included  the  name  in  his  list  of  the  Miocene  fossils  of  Haiti.  When 
dealing  with  the  fossils  of  that  island  I  passed  over  this  obsenration, 
but  I  have  since  seen  reason  to  believe  that  Gabb's  shell  was  not 
Erycina  tensa,  but  the  flatter  valve  of  a  species  of  Corbula.  These 
corrections  leave  us  with  a  single  molluscan  species  (Corhula  vieta)  in 
common  between  the  Eocene  and  the  Miocene  of  the  West  Indies. 
The  foraminifera  of  the  shallow-water  beds  {OrbUoides^  Nummulina, 
and  Amphistegina)  are  found  in  Miocene  as  well  as  in  Eocene 
formations,  while  the  foraminifera  of  the  deep-wat'Cr  beds  are 
nearly  all  of  existing  species.  Deep-water  foraminifera  are  scarcely 
available  as  a  guide  to  the  age  of  the  deposits  in  which  they  are 
found;  but  they  are  valuable  indications  of  the  depth  of  water 
iu  which  those  deposits  were  formed.  Among  the  characteristics  of 
the  foraminiferal  fauna  of  the  Naparima  marls  are  the  following :  — 

1st.  Absence  or  great  rarity  of  shallow-water  forms  (except  in 
the  admittedly  shallow-water  beds,  namely  the  Orbitoides-y  Amphis- 
Ugina-^  and  Shell-beds). 

2nd.  Absence  or  rarity  of  pelagic  forms,  such  as  Pjdvimdina 
Menardi  and  P.  Micheliniana,  Sjykceraidina  and  PvXUnia  are  rare. 
In  some  beds  Orhdina  is  rather  abundant. 

3rd.  Abundance  of  certain  deep-water  forms,  as  Fuhnnuhna 
i^uperata. 

It  appears  from  the  evidence  derived  from  the  nature  of  the 
Naparima  rooks,  their  fossil  contents,  and  the  movements  which 
have  a^ected  them  and  the  other  formations  of  Trinidad,  that  during 
the  Cretaceous  and  Eocene  periods  there  was  a  sea  having  a  con- 
siderable but  variable  depth  of  water,  say  up  to  1000  fathoms  and 
more,  in  the  region  now  occupied  by  the  microzoic  rocks  of  Trinidad. 
It  is  probable  that  this  sea  extended  on  the  north  to  the  base  of  the 
northern  range  of  hills,  a  distance  of  some  20  or  25  miles  from  the 
northern  limit  of  the  Naparima  deposits.  During  the  Cretaceo- 
Eocene  period  the  northern  mountains  probably  formed  an  unbroken 
chain  with  the  littoral  Cordillera  of  Venezuela.  This  chain  may  be 
called  the  "  Parian  Range."  According  to  abundantly  clear  evidence 
adduced  by  me  in  1877,  in  a  paper  on  the  *  Physical  Geography 
and  Fossils  of  the  Older  Rocks  of  Trinidad  V  tbe  great  chasms 
between  Trinidad  and  Venezuela  called  the  Bocas  del  Drago  were 
produced  by  subsidence.  Previous  to  this  the  Parian  Range  pro- 
bably formed  the  southern  boundary  of  the  Caribean  continent, 
and  was  a  barrier  through  which  no  large  river  found  its  way,  and 
down  the  flanks  of  which  only  minor  streams  flowed,  so  that  the 
clearness  of  the  oceanic  water  at  the  distance  of  20  miles  or  so  from 
land  was  not  seriously  interfered  with.     The  Parian  Range  may  be 

*  Proc.  Sdent.  Abboc.  Trinidad,  December  1877,  p.  105, 
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regarded  as  one  of  those  "  stable  areas "  which  have  never  been 
sabmerged  since  Palaeozoic  times.  Volcanic  action  seems  to  have 
been  limited  to  the  northern  side  of  it,  for  volcanic  matter  only 
appears  in  minute  quantity  in  the  Trinidad  deposits.  The  area 
south  of  the  Parian  Kange,  including  Trinidad  and  the  Grulf  of  Paria, 
has  never  at  any  time  been  a  volcanic  area  nor  have  any  volcanic 
or  plutonic  rocks  been  discovered  therein.  Beyond  the  minut^e 
quantity  of  volcanic  debris  just  referred  to,  the  only  substance 
attributable  to  a  volcanic  origin  I  have  met  with  has  been  a  pebble 
or  two  of  a  trap-like  rock  in  one  of  the  ancient  river-beds  of  the 
island. 

To  the  westward  the  Cretaceo-Eocene  sea  probably  extended  as 
far  as  the  present  low-lying  alluvial  plains  of  Venezuela.  In  this 
direction  it  was  no  doubt  bounded  by  thb  high  land  now  forming 
the  Pico  de  Cumanacoa  and  the  Gerro  del  Bergantin,  ranges  at 
present  twice  as  high  as  any  in  Trinidad.  Its  southern  extension 
went  presumably  near  to  the  granitic  and  gneissic  ranges  and 
plateaux  of  Guiana.  The  Orinoco  was  at  this  time  in  existence,  but 
although  its  waters  flowed  over  and  modified  the  tinge  of  the  upper 
strata  of  the  ocean,  keeping  out  some  of  the  pelagic  forms  of  life, 
as  is  now  the  case  to  the  north  of  Trinidad  as  far  as  Tobago  and 
Grenada,  yet  they  brought  no  appreciable  sediment  so  far  from  what 
was  then  the  mouth  of  the  river.  The  main  current  must  then 
have  run  more  directly  towards  the  east  in  the  line  of  what  is  still 
the  principal  channel  of  the  river,  100  miles  or  more  south  of 
Trinidad.  The  intermediate  sea  acted  as  a  settling-pond,  as  the 
Gulf  of  Paria  does  now  for  those  branches  of  the  Orinoco  which 
pour  their  turbid  waters  into  it.  Eastward  the  Cretaceo-Eocene 
sea  was  fully  open  to  the  Atlantic. 

To  what  distance  northward  our  supposed  continent  extended  it 
is  not  easy  to  deduce  from  the  facts  now  at  hand,  or  what  connexion 
it  had  with  the  existing  islands.  Along  the  northern  coast  of  Vene- 
zuela there  is  a  considerable  belt  of  shallow  water  not  exceeding  a 
depth  of  about  50  fathoms.  And  this  shallow  sea  is  full  of  rocks, 
shoals,  and  islands.  But  beyond  this  the  depth  of  water  increases 
greatly,  and  hence  the  difficulty  of  accepting  what,  at  first  glance, 
appeared  a  likely  conclusion,  namely,  that  the  Caribean  Sea  was 
formerly  the  site  of  a  continent  of  which  the  former  margins  are  in 
part  indicated  by  the  islands  of  the  Antilles. 

After  the  close  of  the  Miocene  period  there  was  probably  in  the 
region  south  of  the  Parian  Eange  a  slow  and  gradual  upheaval 
which  brought  the  oceanic  deposits  above  the  level  of  the  sea,  during 
which  process  they  suffered  great  denudation.  The  Gulf  of  Paria 
was  then  land,  and  Trinidad  was  united  to  the  mainland.  At  that 
time  the  river  Guarapiche  probably  flowed  across  Trinidad  from 
Venezuela,  while  the  Orinoco  continued  to  pour  its  waters  into  the 
ocean  at  some  distance  southward.  The  disruption  of  the  Parian 
Bange  and  the  formation  of  the  Bocas  and  the  Gulf  of  Paria  probably 
followed ;  and  these  events  may  have  been  contemporaneous  with 
the  submergence  of  the  Caribean  land.    There  are  palsdontological 
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reasons  for  believing  that  this  submergence  did  not  take  place  until 
a  late  geological  epoch.^ 

The  following  provisional  arrangement  of  the  Cretaceo-Eocene 
deposits  of  Trinidad  described  in  this  paper  may  be  suggested  :— 


Miocene lUdiolarian  Beds. 


EOCENB 


Ckbtaceous  . 


Glohigerina   and    NodotariO' 
beds. 

NiiciUarhedB, 

OrhUoides  and  Amphistefftnon 
beds. 

Spirorhia  and    EcMnolampaa- 
bedB. 

MolluBca-l  eda. 
^  Argiline  of  Naparima  Hill,&c. 

DitrupO'hed  of  Pointapier. 

Shaly  Conglomerate,  &c. 

Limestone  with  Shells. 
^  Trigonia  and  0«^r«a-beds. 


Deep-water  I>epoeit8, 


Shallow-water  Deposits. 


Deep-water  Deposits. 


>  Shallow-water  Deposits. 


Appendix. 


The  Microscopic  Structure  of  some  Trinidad  Bocks, 
By  J.  W.  Gbegobt,  Esq.,  B.Sc.,  F.G.8. 

SomE  specimens  of  rocks  from  Trinidad  were  submitted  to  me  by 
Mr.  Guppy,  who  asked  me  for  a  few  notes  on  their  microscopic 
structure.  He  gave  me  no  information  as  to  the  horizon  or  strati- 
graphical  position  of  the  specimens,  as  he  wished  merely  to  have  a 
quite  independent  description  of  them. 

The  rocks  belong  to  four  different  types : — (1)  Badiolarian  Marls, 
(2)  a  rock  called  by  Mr.  Guppy  '  argiline,'  (3)  Eoraminiferal  Marls, 
and  (4)  a  greensand  shell-bed. 

(1)  The  Badiolarian  Marl  of  South  Naparima. — ^This  is  a  white, 
soft,  chalky  rock,  closely  resembling  that  of  the  lower  beds  at  Castle 
Grant,  Barbados,  though  it  is  whiter  and  the  radiolaria  are  in  better 
preservation  than  is  the  case  with  the  last-named.  The  rock 
effervesces  briskly  with  acid,  and  contains  numerous  foraminifera 
(chiefly  small  Ohbigerina;),  Nevertheless,  radiularia,  sponge-spicules, 

1  Proc  Acad.  Nat  Sci.  Philad.  1868,  p.  313.  See  Ann.  &  Mag.  Nat.  Hist. 
4  ser.  Tol.  Tiii.  (1871)  p.  305. 
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id  fragmentB  of  these,  form  so  large  a  proportion  of  the  rock  that 
nay  be  included  among  the  siliceo-calcareous  earths, 
a  little  of  the  dust  of  the  rock  be  examined  with  the  micro- 
J  under  a  ^-inch  objective,  it  is  seen  to  consist  mainly  of  frag- 

ents  of  radiolaria,  sponge-spicules,  and  some  indefinite  argillaceous 
substance.  The  radiolaria  are  similar  to  those  from  Barbados. 
Podocyrtoid  forms  are  numerous :  weU-preserved  specimens  are  not 
uncommon.  There  are  a  few  diatoms.  Calcareous  organisms  are 
represented  by  numerous  small  foraminifera  and  peculiar  stellate 
bodies  similar  to  those  from  Barbados  described  and  figured  by 
Mr.  W.  HilL^ 

The  inorganic  material  forms  but  a  small  proportion  of  the  rock ; 
it  is  an  amorphous  argillaceous  substance,  often  flaky.  It  varies  in 
colour  from  a  reddish  or  pale-yellow  colour  to  dear  and  colourless  ; 
it  is  slowly  bleached  in  strong  hydrochloric  acid.  It  agrees  in 
general  character  with  the  '*  argillaceous  matter  "  of  modern  deep- 
sea  deposits  described  by  Dr.  J.  Murray  and  Prof.  Benard.^  Grains 
of  sand  and  other  clastic  material  are  absent. 

Pumiceous  Badiolarian  MarL — ^A  second  specimen  from  South 
Naparima  agrees  in  general  characters  with  that  previously  described; 
the  matrix,  however,  contains  a  large  proportion  of  pumice  of  the 
filamentous  acid  type. 

(2)  '  Argiline' — a  tough  chocolate-coloured  day. — The  specimens 
of  this  rock  are  all  tough  and  indurated  rather  than  hard,  and 
they  can  easily  be  scratched  with  a  knife.  They  do  not  effervesce 
with  acid,  llie  rock  consists  mainly  of  fragments  of  an  amorphous 
argillaceous  substance  which  varies  in  colour  from  brownish-red  or 
light-yellow  to  colourless  and  transparent.  Minute  granules  of 
peroxide  of  manganese  are  scattered  throughout.  The  materials  in 
the  rock  are  stratified. 

Fragments  of  radiolaria  are  not  uncommon,  but  they  are  generally 
indeterminable. 

Ordinary  dastic  material  is  absent,  and  the  rock  appears  to  be  a 
true  representative  of  one  of  the  chocolate-coloured  varieties  of  red 
days. 

In  litholc^cal  character  and  the  condition  of  the  radiolaria  this 
resembles  an  impure  Ordovician  chert,  for  a  sample  of  which  I  am 
indebted  to  Prof.  H.  A.  Nicholson.  The  rock  is,  however,  not 
siliceous  enough  to  be  included  among  even  the  most  impure  cherts. 
The  examination  of  microscopic  sections  suggests  that  the  proportion 
of  manganese  in  the  rock  is  rather  high,  and  it  may  be  regarded  as 
a  kind  of  bole. 

(3)  Foraminiferal  MarU  of  Naparima. — ^The  finest  material 
obtained  from  this  by  washing  agrees  with  that  of  the  radiolarian 
marls,  but  it  is  associated  with  coarser  constitueuts.  The  radio- 
larian fragments  are  rare,  but  foraminifera  are  larger  and  more 

^  See  this  Joarnal,  vol.  xlviii.  (1892)  pp.  177-178;  Mr.  GKippy  refers  thete 
steUate  bodies  to  Calcarcmma  edoareoj  WyriUe  Thomson  (see  '  The  Atlantio,' 
ToL  i.  p.  233). 

'  *  ChalleDger '  Beport  on  Deep-sea  Deposits,  1891,  po.  24-25. 
Q.J.G.S.  No.  192.  '  2p 
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numerous  than  in  the  Soath  Naparima  rock.  The  stellate  bodies 
are  also  very  abundant.  The  indefinite  light-coloured  argillaceous 
substance  is  present,  and  the  fragments  of  this  contain  numerous 
small,  opaque,  black  specks,  which  are  doubtless  peroxide  of  man- 
ganese. Sand  grains  are  fairly  abundant,  and  one  slide  contained 
a  small  angular  crystal  of  brown  hornblende. 

(4)  Oremsand  SheHr-bed — Ally  Creek,  South  Naparima.  —  The 
matrix  of  this  rock  is  almost  entirely  composed  of  glauconite  in  the 
form  of  irregular  grains  and  dust.  These  are  mostly  of  the  pale- 
green  variety  ;  the  largest  grains  are  dark  green  ;  the  brown  type 
is  rarer.  A  few  sand-grains  and  some  argillaceous  material  are 
also  present.  The  glauconite  seem  to  show  but  little  evidence  of 
organic  origin.  A  fragment,  probably  of  a  tubulated  brachiopod 
shell,  is  infiltrated  with  brown  glauconite. 

This  specimen  appears  to  belong  to  the  sub-littoral  zone. 

Microscopic  examination  suggests  that  the  last-described  rock  is 
an  ordinary  sub-littoral  greensand,  and  that  the  foraminiferal  marls 
were  formed  in  deeper  water,  but  sufficiently  near  land  to  receive 
mechanical  derived  d^ris.  The  'argiline,'  which  appears  to  be 
an  indurated  red  clay,  and  the  radiolarian  marls  have  all  the  cha- 
racters of  deep-water  and  pelagic  deposits. 

[Mr.  Guppy  has  since  sent  me  a  specimen  of  the  *  Z)i<rupa-rock,' 
and  asked  me  to  examine  it.  It  consists  mainly  of  indefinite  argil- 
laceous substance,  and  contains  a  few  foraminifera  and  sponge- 
spicules.  Coccoliths  and  fragments  of  radiolaria  also  occur.  A 
feature  which  separates  this  rock  from  the  radiolarian  and  forami- 
niferal marls  and  ^  argiline '  is  the  abundance  of  very  fine  rounded 
grains  of  quartz. — 3rd  Aug.] 

^  Discussion. 

The  Pbesident  felt  sure  the  Society  would  welcome  once  more 
a  paper  by  an  Author  whose  writings  on  the  moUuscan  faunas  of 
Tnnidad  and  Haiti  were  of  much  value.  Those  papers  were  written 
before  the  exploration  of  the  deep-sea  faunas  had  been  carried  out. 

The  Society  had  lately  heard  the  paper  by  Messrs.  Jukes-Browne 
and  Harrison  on  the  deep-sea  deposits  of  Barbados,  and  the  present 
paper  would  be  useful  for  comparison  with  the  results  of  those 
Authors.  It  was  difficult  to  understand  the  conclusions  arrived  at 
as  to  the  molluscan  fauna  after  the  description  of  the  microzoic 
fauna,  but  perhaps  some  of  the  Fellows  present  might  throw  light  on 
this  point. 

Dr.  H.  Woodward  regretted  the  absence  of  the  Author  of  this 
communication,  the  more  so  as  he  was  prevented  from  attending  by 
severe  illness.  Although  he  had  been  unable  to  visit  Mr.  Guppy, 
and  so  learn  his  views  upon  the  subject  of  his  paper,  he  was  greatly 
indebted  to  Dr.  G.  J.  Hinde  for  having  examined  Mr.  Guppy's  speci- 
mens so  carefully,  and  for  having  prepared  and  exhibited  a  series  of 
slides  of  radiolarian  and  foraminiferal  deposits  from  the  Naparima 
Beds  of  Trinidad  to  illustrate  Mr.  Guppy's  paper,  from  materials 
furnished  to  him  by  Mr.  J.  W.  Gregory. 
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Mr.  J.  W.  Gbbgobt  stated  that  the  condosions  as  to  the  truly 
deep-sea  origin  of  some  of  the  Trinidad  rocks  stated  in  an  appendix 
to  the  paper  agreed  with  those  just  announced  by  Dr.  Hinde.  He 
remarked  on  ti^e  great  interest  of  the  geology  of  Trinidad,  as  that 
island  occurs  at  the  intersection  of  the  two  main  Caribbean  lines  of 
movement,  yiz.,  that  along  the  Cordillera  of  Venezuela,  and  the  later 
one  along  the  Antillean  chain.  It  was  from  Trinidad  that  evidence 
as  to  the  exact  correlation  of  the  Cainozoic  deposits  of  this  area 
might  be  expected,  for  a  series  of  shallow-water  beds  containing 
mollusca  there  occurred  below  deep-sea  beds  almost  identical  in 
character  with  those  of  the  Oceanic  series  of  Barbados.  The 
speaker  expressed  doubts  as  to  the  value  of  the  evidence  on  which 
some  beds  both  in  Trinidad  and  St.  Bartholomew  were  assigned  to 
the  Eocene. 

Mr.  Yatt&han  JmnfiSQB  said  that,  as  regards  the  value  of  forami- 
nifera  in  determining  the  age  of  West  Indian  beds,  specimens  had 
been  sent  over  to  this  country  containing  Orbitoides  of  Eocene  facies 
(OrthophrcLgmium,  Mun.-Chsd.)  associated  with  Oi/psina  globuhu^ 
PateUhm  {ssOrhitolina)  eoiicava^  and  HaphsticTie  Soldanii.  Of  the 
last  two  species,  the  former  was  regarded  by  European  geologists  as 
Cretaceous  only;  the  latter  as  a  type  in  the  'Pteropod  Marls,' 
probably  Miocene.  The  difficulty  was  probably  only  due  to  the 
deficiency  of  accurately  localized  specimens  and  stratigraphicai 
horizon,  but  it  was  worth  mentioning  as  showing  the  d^culties 
which  attend  the  work  of  *  microzoic '  palaeontologists  at  home. 

Dr.  HiirD£  also  spoke. 


2p2 
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I.   BbVIBW  of  TPE  DiSOOYEBT  of  PALiBAfiPIS. 

Ik  the  volume   of  this  Journal  for   1885^  the   present  writer 
published  a  description  of  the  first  specimens  of  Pteraspidian  fishes 
that  had  come  to  light  in  the  New  World.    They  were  discovered 
in  the  autumn  of  1883  in  a  bed  of  variegated  marl,  and  later  in  a 
bed  of  red  and  green  sandstone  enclosed  in  the  marl  and  belonging 
to  the  Onondaga  or  Salina  Group  of  the  Upper  Silurian  formation. 
The  fossils  were  found  in  Perry  Co.,  Pennsylvania,  in  the  survey  of 
which  the  writer  was  at  that  time  engaged.    The  sandstone  and 
shale  pass  under  the  town  of  New  Bloomfield,  and  for  this  reason  the 
stratum  has  received  the  name  of  the   *•  Bloomfield    Sandstone.' 
The  horizon  of  these  beds  corresponds  with  that  of  the  English 
Lower  Ludlow,  or  with  the  interval  between  that  and  the  Wenlock, 
inasmuch  as  the  Lower  Helderberg  Limestone  which  overlies  it  is 
unquestionably    the    paUeontological    equivalent  of  the    English 
Ludlow,  and  the  Niagara  Limestone  which  lies  next  beneath  it  is 
as  certainly  the  counterpart  of  the  English  Wenlock.    The  whole 
mass  of  the  Salina  Shale  is,  in  Perry  Co.,  about  1500  feet  in  thick- 
ness, and  for  the  most  part,  with  the  exception  now  noted,  is 
entirely  unfossiliferous.    This  mass  is  but  slightly  represented  in 
the  English  series. 

The  fossils  consisted  of  the  usual  shields  resembling  those  so 
long  known  from  the  rocks  of  nearly  corresponding  age  in  Here- 
fordshire, and  occurred  in  great  abundance,  but  were  for  the  most 
part  broken  or  in  the  form  of  casts.  Good  representative  shields 
are  very  scarce,  partly  no  doubt  because  all  the  material  accessible 
on  the  several  exposures  was  considerably  weathered  and  deep 
quarrying  was  not  practicable. 

Two  forms  were  observed  among  these  fossils,  and  they  were 

>  Vol.  xli.  pp.  48-63. 
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taken  to  represent  as  many  species,  to  which  respectiyely  the  names 
Palceaspis  americana  and  P.  bitruncata  were  applied.  The  former 
was  usually  rather  the  larger  of  the  two  and  was  rounded  at  one 
end,  if  not  also  at  the  other.  The  latter,  as  the  name  implies,  was 
bitruncate  and  especially  square-out  at  one  extremity. 

The  microscopic  structure  of  these  shields,  which  was  fnUj 
described  in  the  original  paper  above  referred  to,  sufficiently  proved 
the  affinity  of  the  specimens,  agreeing  as  it  did  in  every  respect 
with  that  of  the  shield  of  Pieraspis  as  described  by  Huxley  in  his 
memoir  on  the  subject  in  this  Journal/  and  by  Lankester  in  his 
monograph  on  the  fishes  of  the  Old  Bed  Sandstone,  published  by 
the  Palseontographical  Society.^ 

The  above-mentioned  papers  constituted  the  bulk  of  what  was 
accessible  to  the  writer  at  the  time  of  publishing  his  original 
description,  now  seven  years  ago.  The  papers  of  Kunth  and  of 
Schmidt  had,  it  is  true,  appeared,  but  they  were  not  at  the  time 
accessible  to  him,  and  no  other  data  available  for  the  purpose  were 
within  his  reach.  During  this  interval  our  acquaintance  with  the 
family  has  considerably  advanced,  especially  with  regard  to  the 
American  forms.  Sufficient  time  has  been  given  for  working  out 
some  more  of  the  old  Pennsylvanian  material,  and  also  for  obtaining 
a  certain  amount  of  new  specimens.  In  addition  to  this,  at  least 
one  new  species  has  been  described  on  the  American  continent  and 
the  epoch-making  paper  of  Yon  Alth  has  appeared  in  Austria- 
Hungary.  By  these  various  additions  to  the  literature  of  the  subject 
we  are  placed  in  a  position  to  better  understand  the  structure  and 
economy  of  the  strange  fishes  of  the  early  seas. 

II.   KuITTH's  DiSOOVEBY  of  PtEBASPIS  DTTEeBA. 

It  will  be  desirable  before  proceeding  farther  with  our  subject 
to  pass  briefly  in  review  the  progress  of  our  knowledge  concerning 
this  ancient  ichthyic  fauna.  Twenty  years  ago  three  forms  of 
Pteraspidian  fishes  had  been  recognized  in  Europe.  These  were  first 
clearly  defined  as  genera  by  Lankester  in  the  monograph  already 
cited.  For  one  of  these  he  retained  the  original  name  Pteraapis^ 
given  by  Kner  to  his  specimen,  though  in  misapprehension  of  its 
real  affinity.  To  the  other  two  he  applied  the  names  Cyathattpig 
and  ScaphaspiSf  suggested  by  their  forms.  This  was  the  commence* 
ment  of  real  progress  in  the  systema:tic  arrangement  of  these 
fossils. 

The  minute  structure  of  these  shields  had  been  studied  some 
years  previously  by  Huxley  in  the  memoir  already  alluded  to,  and 
this  structure  has  been  ever  since  the  crucial  test,  by  which  almost 
the  very  smallest  fragment  of  a  Pteraspidian  may  infallibly  be 
recognized. 

All  these  three  fossils  were  considered  by  Lankester  in  his  mono-* 
graph  as  representing  the  dorsal  plates  of  as  many  distinct  genera 

^  Quart.  Joum.  Geol.  See  vol.  xiv.  (1868)  p.  274,  &c. 
^  Palseontogr.  See.  Monogr.  1868. 
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of  fishes  of  Silurian  and  Devonian  age.  As  defined  by  him,  they 
were  distinguished  by  the  number  of  pieces  composing  the  diield, 
which  in  Pteratpis  was  seven  or  perhaps  eight,  in  Cyathaspis  four, 
and  in  ScapTuutpis  only  one. 

The  dawn  of  new  light  on  this  subject  came  in  the  year  1872, 
four  years  after  the  appearance  of  Lankester's  masterly  monograph. 
In  that  year  and  in  the  *'  Zeitschrift  der  Deutschen  geologischen 
Gesellschaf  t '  (Band  xxiv.  p.  1)  was  published  a  posthumous  paper  of 
Dr.  Kunth's  containing  a  description  of  a  specimen  which  he  had  been 
fortunate  enough  to  obtain  in  a  block  of  Silurian  limestone  in  a  railway- 
cutting  near  Berlin.  The  fossil  consisted  of  a  shield  of  Cyathaspis 
(Lk.)  and  one  of  ScapTuupis  (Lk.)  facing  it,  both  with  the  convex 
sides  outwards,  indicating  that  they  retained  the  positions  in  which 
they  had  been  situated  during  life,  and  at  once  su^esting  the 
inference  that  the  latter  was  not  an  independent  species,  but  only 
a  portion  of  the  defensive  armour  of  the  animal  represented  by  the 
former.  This  was  the  first  published  announcement  of  any  such 
relationship  between  these  fossils  which  rested  on  a  base  better 
than  suspicion,  if,  indeed,  it  may  not  be  considered  absolutely  the 
earliest  guess  of  such  relationship.  Lankester,  it  is  true,  in  his 
monograph  called  attention  to  the  fact  that  certain  species  of  the 
two  genera  Oyathaspis  and  Pteraspis  are  frequently  found  asso- 
ciated with  certain  species  of  Scaphaspis^  but  failed  to  draw  the 
inference  of  their  organic  connexion,  and,  indeed,  later  he  opposed 
the  view  when  brought  forward  by  Kunth. 

For  this  there  was  some  justification  in  the  peculiar  use  whidi 
Kunth  made  of  his  discovery.  After  he  had,  by  most  careful 
working-out  of  the  specimen  from  the  matrix,  convinced  himself 
beyond  all  reasonable  doubt  that  the  two  shields  really  belonged  to 
one  another,  and  held  in  the  fossil  the  relative  positions  which 
they  had  held  in  the  living  fish,  he  abandoned  the  safe  ground  on 
which  he  had  thus  far  travelled,  and,  led  astray  by  what  was  little 
better  than  a  fancy,  he  wandered  into  regions  in  which  he  soon 
lost  his  way.  Failing  to  rely  confidently,  as  he  should  have  done, 
on  the  strong  evidence  afforded  by  the  microscopic  structure  of  the 
plates,  he  adopted  the  notion  that  they  represented  the  head-shield 
and  pygidium  of  a  roUed-up  trilobite  or  trilobitic  crustacean 
belonging  to  a  family  not  yet  recognized  by  palaeontologists.  He 
likened  it  to  a  Cdlymene  or  AsaphuSj — genera  often  found  in  this 
folded  condition.  This  view  he  confirmed  by  imagining  that  he 
saw  in  some  loose  fragments  on  the  slab  the  disjointed  body-rings 
of  the  same  animal.  Of  course  this  opinion  compelled  him  to 
reverse  the  direction  of  the  Scaphaspid  shield,  and  make  what  was 
considered  by  Lankester  the  front  to  be  really  the  back,  but  as  the 
true  nature  and  position  of  ScapTuupis  in  the  fish  was  unknown 
he  encountered  no  logical  obstacle  in  so  doing.  We  will  return  to 
tills  matter  later. 
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UI.   GOIVTBOTEBST  AND  ReSFLTS. HoLASPIS,  LaNKBBTER. 

The  very  peculiar  view  advanced  by  Eunth  found,  as  might  have 
been  expected,  no  favour  at  the  hands  of  paleeontologists,  and  on 
the  opposite  side  the  field  was  at  once  taken,  in  the  '  Geological 
Magazine '  and  in  the '  Transactions  of  the  Imperial  Russian  Minera- 
logical  Society,'  by  Magister  Fr.  Schmidt,  of  St.  Petersburg,*  who 
with  much  acuteness  saw  immediately  the  strength  and  the  weak- 
ness of  Kunth's  position,  and,  while  denying  the  crustacean 
affinity  of  his  fossil  as  altogether  untenable,  maintained  and 
extended  his  conclusion  that  the  two  shields  found  in  juxtaposition 
really  belonged  to  the  same  animal,  and  that  this  animal  was  no 
other  than  Cyaihatpis^  as  indicated  by  the  dorsal  plate.  He  there- 
fore fully  agreed  with  Kunth  in  denying  the  independent  existence 
of  Scaphaspia  as  a  genus,  and  followed  him  in  assigning  its  various 
forms  to  the  different  species  of  Pteraspis  and  of  Cyaihaapis  with 
which  it  was  usually  found  in-  company.  He  thus  took  ground 
considerably  in  advance  of  all  previous  writers  on  these  fishes,  and 
to  him  is  fairly  due  the  honour  of  first  announcing  what  is 
doubtless  the  true  nature  of  these  peculiar  fossils.  Instead  of  the 
roUed-up  trilobite  of  Kunth,  Schmidt  presented  us  with  an  armour- 
clad  fish  possessing  both  dorsal  and  ventral  plates,  whereas 
previously  these  creatures  had  been  supposed  to  be  protected  only 
above  and  to  be  defenceless  below.  Schmidt  further  pointed  out, 
in  confirmation  of  his  view,  the  fact  that  the  Devonian  fishes  were 
doubly  armed  in  the  same  manner  as  his  Pteraspidians,  and 
adduced  Coccosteus  as  an  example  in  support.  The  value  of  this 
argument  was  great,  and  must  be  felt  by  every  student  of  these 
ancient  fossils.  But  it  should,  at  the  same  time,  be  borne  in  mind 
that  among  all  the  thousands  of  specimens  that  had  come  to  light, 
Kunth's  Cyaihaspis  inteaer  (Integra)  ^  alone  suggested  and  supported 
the  new  view,  and  had  it  not  been  for  the  excellent  state  of  its 
preservation,  in  a  smooth  hard  shale,  paheontologisfcs  would  have 
been  slow  to  admit  so  large  a  conclusion  from  so  small  a  premiss. 
But  the  evidence  was  so  clear  and  strong  that,  as  Schmidt  says, 
it  was  useless  to  attempt  to  invalidate  it.^ 

L  Oeol.  Mag.  for  1873,  pp,  152,  330,  andVerhaDdl.  der  k.  riiasisch.  mineralog. 
GesellBch.  fur  1873,  p.  132,  &o. 

*  It  is  worthy  of  remark  how  uniformly  writers  on  this  subject  have 
followed  the  earlier  authors  in  the  error  of  using  these  generic  terms  as 
masculine  nouns.  Agassiz  seems  to  ha?e  led  the  way  ;  consequently  nearly  all 
the  specific  names  have  been  wrongly  formed.  A  few  only  nave  appeared  in 
the  feminine  gender.  After  remaining  in  this  confusion  and  error  for  half  a 
century,  it  is  refreshing  to  a  classical  eye  to  see  the  needed  amendments  intro- 
duced in  the  Brit.  Mus.  <  Catalogue  of  Fossil  Fishes '  by  Mr.  A.  Smith 
Woodward. 

'  With  regard  to  the  statement  of  Magister  Schmidt,  that  he  has  discovered 
trae  bone  lacunsB  in  the  superficial  layer  of  Pteraspis  Kneri  (Geol.  Mag.  for 
1873,  p.  330),  thereby  breaking  down  the  distinction  drawn  by  Lankester  between 
his  Osteoetracans  and  Heterostracans,  I  can  only  remark  that,  after  the  most 
careful  examination  of  my  slides,  I  have  been  quite  unable  to  find  anything 
resembUng  them  in  Palaaspis,  whose  shield  consists  outwardly  of  a  uniformly 
dense  layer  of  calcareous  material  enclosing  the  tubides,  but  nothing  else. 
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Against  the  new  view  originated  by  Kunth,  and  amended  and 
extended  by  Schmidt,  Lankester,  in  1873,  protested  energetically.' 
In  a  short  paper,  in  which  he  described  a  new  genns,  Holaspis,  the 
shield  of  which  consists  of  a  single  plate,  he  asserted  that  in  the 
specimens  described  by  Kunth  the  two  shields  were  only  in  acd- 
dental  juxtaposition,  and  that  the  fossil  could  not  therefore  prove 
anything  in  regard  to  their  arrangement  during  life.  He  even 
pushed  his  argument  so  far  as  to  reason  from  analogy  that,  as 
Holaspis  was  intermediate  in  structure  between  CycUhcupis  and 
ScaphaspiSf  it  represented  one  term  in  a  series  of  which  Scaphaspis 
was  the  simplest  and  Pteraspis  the  most  complex  form.  There  is 
no  reason  for  doubting  that  ffoloupis  is  a  new  Pteraspidian,  but 
when  this  is  granted  it  by  no  means  follows  logically  that 
Scaphaspis  was  its  analogue.  Differences  had  long  been  noted 
between  this  last-named  form  and  the  rest  of  the  group ;  but  these 
had  never  been  put  into  any  definite  shape  before  die  appearance  of 
Kunth's  paper.  On  examination  of  his  figure  it  is,  however, 
impossible  to  agree  with  Lankester  that  the  position  of  the  shields 
is  accidental,  or  in  any  way  to  be  compared  with  the  packing  of 
shells  one  within  anotifier,  which  constantly  occurs,  says  Lankester, 
in  Herefordshire  and  in  Galicia,  and,  I  may  add,  in  Pennsylvania. 

Lankester's  position  is  strong  in  defending  the  ichthyic  nature  of 
Cyathaspis,  and,  consequently,  of  Scaphaspis^  but  it  becomes  weak 
when  he  goes  beyond  this,  and  denies  the  co-existence  of  the  two 
as  parts  of  the  same  animal.  Altogether,  judging  from  the 
figures,  Kunth's  work  deserved  more  consideration  than  it  received 
from  Lankester. 

It  is  not  necessary  to  do  more  than  allude  to  the  revival,  by 
Boemer  and  Eichwald,  of  Kner's  original  view  of  the  cephalopodian 
affinity  of  the  Fteraspids,  inasmuch  as  it  was  afterwards  abandoned 
by  the  former,  and  the  specimen,  on  which  the  latter  relied  is  said 
by  Schmidt,  who  has  seen  it,  and  at  Eichwald's  request  carefully 
examined  it,  to  be  of  quite  different  structure,  and  to  belong  to 
some,  at  present  undeterminable,  but  totally  distinct  group. 

IV.  Discovert  op  Diplaspis  (Matthew)  in  Caitada. 

Thus  the  matter  remained  for  some  years.  No  more  illustrative 
and  critical  specimens  came  to  light  in  Europe,  and  the  belief,  if 
such  it  could  be  called,  in  the  ventral  position  of  Scaphaspis  rested 
on  the  excellent  but  ill-interpreted  example  of  Kunth.  In  1885, 
however,  the  writer  published  (as  already  mentioned)  his  descrip- 
tion of  the  first  Pteraspidian  fishes  that  had  been  discovered  in  the 
New  World.  Beyond  adding  a  single  new  species,  or,  as  was  then 
supposed,  two  new  species,  to  the  list  of  the  family,  these  fossils 
threw  no  additional  light  on  the  structure  of  the  fishes.  Dis- 
missing this  subject  for  more  complete  discussion  in  a  subsequent 
part  of  this  paper,  we  will  pass  on  to  note  the  next  contribution  to 
the  history  of  the  Pteraspids. 

Academy'  for  1873,  p.  11.  and  Geol.  Mag.  for  1873,  pp.  190,  241,  478. 
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In  1886,  Mr.  G.  P.  Matthew,  of  St.  John,  New  Brunswick, 
discovered  near  that  town,  in  rocks  of  Upper  Silurian  age,  a  new 
species  of  the  family.  In  his  paper  on  the  subject,  presented  to 
the  New  Brunswick  Academy  of  Science,  he  published  details 
regarding  it,  making,  among  others,  the  important  announcement 
that  in  his  opinion  it  was  armour-K^lad  ventrally  as  well  as  dorsally, 
and  giving  satisfactory  evidence  in  favour  of  this  belief.  This 
species  of  Matthew's,  named  Diplaspis  ac<idica  from  the  character 
above  emphasized,  which  he  then  supposed  to  be  peculiar  to  it,  is 
at  present  represented  only  by  the  single  specimen  in  his  own 
possession — ^the  basis  of  the  original  description.  It  was  undoubtedly 
the  first  instance  on  the  American  continent  in  which  the  existence 
of  a  ventral  as  well  as  a  dorsal  armour  on  the  Pteraspids  was 
announced. 

Mr.  MattheVs  fossil  showed  what  he  considered  to  be  the  frag- 
ments of  the  dorsal  and  ventral  shields  of  the  fish,  with  a  rostral 
piece  and  two  antero-lateral  plates  attached  to  the  former  and  two 
others  (postero-lateral  ?)  attached  to  the  latter.  If  Mr.  Matthew's 
interpretation  of  his  specimen  is  correct,  instead  of  the  two 
'comua'  of  Lankester's  Gyaihaspis,  Diplaspis  had  four  of  these 
side-pieces  in  its  armour.  Besides  these,  there  was  a  separate  small 
plate,  which  its  discoverer  regarded  as  the  eye-plate,  and  which 
must  in  that  case  correspond  to  the  eye-plate  of  Pteraspia^  as  that 
genus  is  described  by  Lankester.  In  spite,  however,  of  the  resem- 
blances, the  fossil,  judging  from  Mr.  Matthew's  description  and 
figures,  which  are,  it  is  true,  merely  outlines,  cannot  be  placed  in 
either  of  Lankester's  three  genera  (really  two),  but  must  stand 
alone,  at  least  for  the  present.  It  may  be  well  to  observe  that  all 
doubt  and  uncertainty  respecting  the  correctness  of  the  reference  of 
this  fossil  to  the  fanuly  of  Pteraspidians  is  removed  by  the  presence 
on  the  shields  of  the  peculiar  and  very  characteristic  striation, 
whereby  the  smallest  fragments  of  the  defensive  armour  of  these 
fishes  may  be  recognized  with  certunty  whenever  it  is  visible. 

Unfortunately,  in  this  case  the  last  crucial  link  in  the  argument 
is  imperfect.  The  two  shields  were  not,  as  in  Kunth's  specimen, 
found  in  position,  and  if  the  fossils  were  as  abimdant  as  they  are 
in  many  places  in  Europe  and  in  Pennsylvania,  this  gap  would  be 
serious.  But  in  the  circumstances  obtaining  in  New  Brunswick 
the  objection  has  but  little  weight.  Only  this  one  specimen  has 
ever  been  described  from  the  Dominion  of  Canada,  and  the  frag- 
ments were  found  dose  together,  so  that  Mr.  Matthew's  inference 
that  they  belonged  to  one  another  cannot  be  refuted,  or,  indeed, 
with  good  reason  attacked. 

At  the  time  of  publishing  his  description  of  Diplaspis,  Mr.  Mat- 
thew was  evidently  not  acquainted  with  the  latest  results  of 
discovery  in  Europe  on  this  subject,  or  with  the  papers  above 
quoted  on  the  Pteraspidians.  He  consequently  had  not  learned 
that  they  were  more  than  suspected  to  have  been  armour-clad  above 
and  below.  What  doubt  remained  may  be  ascribed  to  the  fact  that 
a  new  and  unexpected  discovery,  and  especially  one  which  contra- 
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venes  the  opinion  that  has  preyionsly  been  universally  held,  is 
always  regarded  with  a  certain  measure  of  doubt  till  confirmed  by 
the  finding  of  further  specimens  by  other  workers.  In  his  own 
words,  as  printed  in  the  '  Canadian  Record  of  Science '  for  1886, 
we  read :  "  The  author  is  not  aware  that  the  existence  of  a  ventral 
shield  has  hitherto  been  observed  in  any  Fteraspidian  fish,  although 
it  is  well  known  to  exist  in  the  large  Devonian  Flacoderms." 
Mr.  Matthew  here  uses  the  same  argument  as  that  employed  by 
Schmidt  (which  indeed  must  have  occurred  to  the  mind  of  any 
palsBontologist)  in  order  to  render  more  probable,  or,  we  may 
rather  say,  less  abnormal,  the*  new  view  concerning  the  defensive 
armour  of  the  Pteraspids. 

V.  Von  Alth's  Specimen  and  Tnteepretation. 

We  come  now  to  the  paper  of  Von  Alth  published  in  1886, 
the  same  year  in  which  Matthew  announced  his  Diplaspis^  but 
neither  author  was  aware  of  the  work  of  the  other.  This  writer 
had  already  in  1874  published  descriptions  of  ten  species,  belonging 
to  the  genera  Pteraspis,  Cyatliaspis,  and  ScapTuupis,  from  the  Upper 
Silurian  strata  of  Fodolia.  But  in  1883,  during  an  expedition  in 
search  of  fossils,  he  came  upon  a  specimen  of  so  peculiar  a  character, 
that  after  carefdl  removal  of  as  much  of  the  matrix  as  was  possible, 
he  could  reach  no  other  conclusion  than  that  it  showed  a  Pteratpis 
and  a  Scaphaspis  together  exactly  as  in  Eunth's  specimen,  and  afforded 
fresh  and  incontrovertible  proof  of  their  relationship.  This  fossil 
he  made  the  subject  of  a  communication  (in  Polish)  to  the  Cracow 
Academy  of  Natural  Sciences,^  and  of  another  (in  German)  to  the 
^Beitrage  zur  Palaeont.  Oesterr.-Ung.'* 

The  evidence  of  this  new  find,  as  developed  and  set  forth  by 
Von  Alth,  was  so  convindng,  when  added  to  the  previous  discovery 
of  Kunth,  that  it  may  fairly  be  said  to  have  established  an  epoch  in 
the  history  of  these  fossils,  for  it  was  scarcely  possible  that  any 
doubt  could  longer  remain  in  an  unbiassed  mind. 

Von  Alth  candidly  acknowledged  in  his  paper  that  he  had  till 
the  discovery  of  this  specimen  strongly  opposed,  with  Lankester, 
the  new  view  put  forward  by  Kunth  and  defended  by  Schmidt : — 
*'  In  meiner  oben  erwahnten  Arbeit  iiber  die  palaeontologischen 
Gebilde  Podoliens  und  deren  Versteinerungen  habe  ich  ebenfalls 
die  Ansicht  vertheidigt  dass  Pteraspis  und  Scaphaspis  ganz  verschie- 
denen  Thierformen  angehorten.'*  But  he  frankly  avowed  the  change 
of  front  caused  by  his  own  discovery,  and  was  quickly  followed  in 
the  same  movement  by  Lankester,*  who  wrote:  "The  specimen 
described  and  figured  by  Von  Alth  leaves  no  doubt  in  my  mind  as 
to  the  interpretation  of  Scapliaspis  adopted  by  him." 

The  results  of  Von  Alth's  paper  may  also  be  seen  in  Mr.  Smith 
Woodward's  new  *  Catalogue  of  the  Fossil  Fishes  in  the  British 

^  Yerhandl.  d.  Krakauer  Akadem.  d.  WiaseDBob.Tol.  xi.  p.  160,  &c. 

»  Op.  eit.  Band  r.  (1887)  p.  61. 

•  See  •  Nature;  toI.  xliii.  p.  578,  April  23rd,  1891. 
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Museom.'    This  palaeontologist  has  there  figured  Pteraspis,  armour- 
dad  both  above  and  below. 

It  is  not  yet  possible  to  refer  all  the  different  species  of  Scapliaspis 
directly  to  the  several  species  of  Ftera»pis  and  Cyathaspis  to  which 
they  must  severally  belong,  and  probably  the  line  of  argument 
indicated  by  Lankester  will  be  the  only  available  one  until  some 
geologist  is  fortunate  enough  to  discover  the  various  species  of 
Scaphaspis  in  juxtaposition  with  their  corresponding  species  of 
Pteraspis  and  of  Cyathaspis. 


VI.  The  two  Shields  op  Pal^aspis. 

Eepeated  and  careful  study  of  my  specimens,  both  new  and  old, 
since  1883,  has  from  time  to  time  led  to  new  jobeervations  regarding 
them,  but  it  was  not  until  I  had  seen  the  paper  by  Yon  Alth,  quoted 
above,  that  I  examined  them  in  the  light  of  this  new  theory  of 
their  structure.  Considering  that  almost  all  my  fossils  are  preserved 
in  a  sandstone-matJix,  I  was  not  sanguine  of  finding  any  confirma- 
tion of  his  view  among  them.  The  total  result  of  Uie  studies  that 
I  have  made  since  the  publication  of  the  original  description  it  is 
the  purpose  of  the  present  paper  to  set  forth. 

Among  the  mass  of  material  in  my  possession  I  have  discovered 
two  specimens  in  which  the  same  relative  position  of  the  shields 
may  be  observed  as  that  which  was  noted  by  Kunth  and  Yon  Alth. 
This  had  not  altogether  escaped  my  notice  when  several  years  ago  I 
first  extracted  the  specimens  from  their  matrix.  But  the  fact,  to 
which  Lankester,  with  wise  caution,  alludes  in  his  tract  on  Holcupis^ 
that  the  shields  of  these  fishes  are  frequently  found  padked 
together  as  so  many  shells,  had  so  often  come  to  my  notice  in 
Pennsylvania  that  I  naturally  attributed  thia  fact  also  to  the  same 
cause.  In  this  I  was  somewhat  hasty,  as  it  now  appears,  inasmuch 
as  I  did  not  lay  due  stress  on  the  circumstance  that  in  these  two 
cases  the  relative  position  of  the  shields  waa  contrary  to  that  of  the 
great  majority.  Though  nothing  could  be  more  natural  than  that  a 
number  of  saucer-shaped  shells  should  pack  themselves  together 
just  as  a  pile  of  plates  is  packed,  yet  it  was  far  less  likely  that  any 
two  of  these  should  come  to  rest  with  the  concave  sides  facing  each 
other  and  with  great  exactness.  Moreover,  at  that  time  I  had  not 
had  an  opportunity  of  reading  Kunth  s  paper,  which,  in  spite  of  his 
erroneous  interpretation,  might  have  raised  a  suspicion  of  the 
true  significance  of  these  two  specimens.  But,  considering  the 
sandstone-matrix  and  the  scattered  position  of  the  great  majority 
of  the  specimens,  were  it  not  for  the  confidence  afforded  by  the  two 
already-mentioned  fossils,  I  should  even  now  hesitate  to  put 
forward  my  own  as  evidence.  However  otherwise  doubtful,  the 
occurrence  of  the  shields  of  Palaaspis  in  the  same  relative  position 
serves  now  only  to  bring  the  American  species  into  line  with  their 
co-ordinates  in  Europe,  and  so  to  lend  confirmation  and  to  gain 
probability  at  the  same  time.     I  feel  therefore  that  no  reasonable 
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doubt  can  be  entertained  regarding  the  original  position  of  the 
two  shells  above  described.  They  are  represented  in  the  accompany- 
ing figures. 

Pig.  1. — First  specimen,  showing  both  shields  in  exact  juxtapoiition. 


Fig.  2.  —  Second  M)ectm«n, 
showing  both  shields  in 
juxtaposition. 


[Section  in  front  of  laterals.] 

As  will  be  seen  from  a  careful  examination  of  the  figures,  there 
is  not  here  even  the  slight  lateral  slip  which  has,  to  a  small  extent, 
displaced  the  plates  in  Yon  Alth's  Pteraspis,  The  two  shields  fit 
accurately  and  closely  one  upon  the 
other.  Nor  do  they  show  any  trace 
of  the  flange  or  outspread  margin 
which  is  represented  in  the  section 
by  Von  Alth  ;  but  the  edges,  which 
in  the  dorsal  plate  at  least  are  some- 
what thickened,  fit  exactly  onto  each 
other  as  a  lid  on  a  box.  So  close  an 
accuracy  of  fit  may  be  quoted  as  a 
further  argument  in  favour  of  the 
belief  that  this  was  their  position 
during  the  life  of  the  fish,  as  it  is 
exceedingly  improbable  that  after 
being  once  shifted  they  would  ever 
come  again  into  juxtaposition  so  precise. 

It  then  follows  that  Pakeaspis  hitruncata  ceases  to  exist  as  a 
specific  individuality,  and  becomes,  as  Scaphaspis  has  already 
become,  only  the  name  of  the  ventral  plate  of  PaUmspis  americana.^ 
The  absence  of  any  notch  for  the  eye,  previously  attributed  to  an 
imperfection  of  the  specimen,  and  the  usually  rather  smaller  sixe 
are  thus  at  once  explicable. 

When  I  described  Palasaapis  in  1884  I  was  unaware  of  the 

^  Since  the  aboFC  was  written,  I  have  received  Mr.  A.  Smith  Woodward' 
'  Catalogue  of  the  Fossil  Fishes  in  the  British  Museum/  and  notice  that  he  has 
made  a  suggestion  to  the  same  effect,  and  has  in  conseouence  treated  one  of 
these  fossils  as  the  ventral  armour  of  the  other.  His  foresight  thus  proves 
entirely  just 


[Place  of  section  imcertain.] 
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existence  of  the  genus  Ilolaspis,  though  it  had  been  described  in 
1873  by  Prof.  Lankester,  who  kindly  called  my  attention  to  it  by 
sending  me  a  copy  of  his  paper.  Had  I  known  this  earlier  I  should 
certainly  have  referred  my  species  to  his  genus  instead  of  coining  a 
new  term.  However,  as  it  has  since  proved  that  Prof.  Lankester's 
name  was  pre-occupied,  my  own  has  precedence,  and  ffolaspis  has 
consequently  been  referred  to  Palaaapia  by  Mr.  Smith  Woodward  in 
his  Catalogue.  But  ffolaspit  can  o^y  remain  a  congener  of  Palce^ 
aspis  on  the  supposition  that  it  possessed  a  yet-to-be-discovered 
ventral  armour.  In  the  present  state  of  our  knowledge  it  is 
scarcely  possible  to  doubt  that  this  was  the  case  and  that  one  day  it 
will  be  found.  Only  one  or  two  specimens  are  yet  known,  and  in 
this  respect  the  fossil  resembles  those  species  of  Pteraspis  and 
CycUhaspia  that  are  not  yet  known  to  have  had  a  second  plate. 
Doubtless  time  and  search  will  in  all  cases  bring  these  to  light. 

YIL  Tin  Latbbal  Plates  of  Paljsasfis. 

Among  the  material  in  my  possession,  I  from  time  to  time  observed 
fragments  which  obviously  could  not  belong  to  either  of  the  two  large 
shields  of  the  fish.  As  the  number  of  these  fragments  increased  a 
general  resemblance  became  apparent,  and  though  I  have  not  yet 
obtained  a  single  perfect  specimen  in  place,  yet  the  supposition  that 
occurred  to  me  has  proved  well  grounded,  and  scarcely  a  doubt  remains 
that  the  fragments  represent  lateral  plates  corresponding  to  the 
*  comua '  of  Cyaihaspis.  I  had  not  previously  suspected  the  existence 
of  such  plates.  Their  presence,  however,  brings  Palceaspis  yet  more 
closely  into  connexion  with  the  rest  of  the  Pteraspidian  family  as  now 
understood.  At  the  same  time  the  most  careful  examination  fails  ta 
remove  a  peculiarity  in  which  this  genus  differs  at  present  from  all 
other  known  Pteraspids,  except  perhaps  Diplaspis,  Instead  of 
extending  along  the  whole  side  of  the  fish  tiiey  were  apparently 
limited  to  the  posterior  half,  and  ended  forward  in  points.  They 
thus  fill  what  would  be  otherwise  a  narrow  wedge-shaped  opening 
between  the  dorsal  and  ventral  shields.  I  at  first  not  unnaturally 
r^;arded  this  hitherto  unnoted  and  abnormal  feature  with  much 
suspicion,  but  the  concurrent  testimony  of  numerous  specimens, 
combined  with  a  few  lateral  plates  which  gave  more  or  less  distinct 
evidence  of  their  position,  have  led  me  to  regard  it  with  confidence 
as  the  actual  arrangement  and  form  of  these  plates.  The  signi- 
ficance of  this  fact,  then,  is  that  the  dorsal  and  ventral  shields  nearly 
met  or  possibly  were  in  actual  contact  (on  this  point  see  later)  from 
the  front  backward  to  about  the  middle,  where  the  point  of  the 
lateral  plate  came  in ;  and  this  gradually  widened  out  to  the  hinder 
margin,  where  it  came  to  an  end  with  the  two  shields.  This 
arrangement  is  shown  in  the  lateral  view  of  the  type-specimen 
(fig.  3),  so  far  as  it  is  perfect,  and  in  fig.  4  (see  p.  552). 

I  have  used  the  words  *'  nearly  met "  above  because  there  is  some 
reason  for  thinking  that  the  two  large  plates  were  not  in  actual 
contact,  still  less  in  sutural  union,  along  their  fore  halves.    The 
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soulptore  of  the  dorsal  shield  is  on  this  point  very  peculiar  and 
significant.  I  have  represented  it  imperfectly  in  the  fignre^  the 
scale  being  too  small  to  do  full  justice  to  this  feature.     The  mai^inal 

Fig,  3. — Side-view  of  type-specimen^  right  side. 


[Showing  dorsal  plate  with  orbit,  medio-lateral  striation,  and  lateral  plate 
in  place,  but  broken  off  behind.    Oast  of  the  same  in  outline.] 

Fig.  4. — Specimen  showing  front  half  of  a  dorsal  shield. 


[With  point  of  lateral  plate  and  a  small  object,  apparently  the  base  of 
a  '  fin,'  in  the  angle.] 

*ridglets,'  which  are  coarser  than  those  of  the  general  surface, 
after  curving  round  the  orbit  run  backward  along  the  outer  ma]^m 
to  about  the  middle  of  the  shield,  where  they  swerve  yet  doser  to 
a  point  on  the  very  edge  which  is  also  a  sort  of  focus  for  all  the 
other  striation  on  that  section  of  the  fore  part  of  the  shield. 
Behind  this  point  the  '  ridglets,'  which  are  here  smaller,  resume  their 
rudely  parallel  course  to  the  end  of  the  plate.  This  singular  con- 
vergence of  the  superficial  markings  to  a  point  near  the  middle  of 
the  outer  edge  of  the  shield  is  evidently  an  indication  of  some 
character  at  that  point.  There  is  no  trace  of  any  spine,  nor  is  there 
any  probability  that  such  an  appendage  existed  there.  But  the 
plate  shows  a  constant  disposition  to  break  across  just  at  the  point 
of  convergence  of  these  lines,  thereby  indicating  a  weakness  in  that 
region.  All  these  facts  bear  out  the  inference  above  expressed 
that  the  lateral  plates  reached  no  farther  forward  than  I  have 
stated,  and  in  this  case  they  would  cease  to  strengthen  the  dorsal 
shield  just  at  the  point  where  fracture  so  frequently  takes  place. 
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The  presence  of  the  lateral  plates  brings  Palauupu  into  very 
dose  relationship  with  CyatJiaspis,  and  unless  similar  parts  should 
be  found  in  Holatpis  it  will  form  a  character  of  generic  distinction 
between  these,  in  which  case  the  last-named  can  no  longer  be 
included  in  the  American  genus.  It  is,  however,  possible  that 
further  search  may  prove  that  Holaspis  did  possess  such  parts,  and 
the  question  must  therefore  not  be  prejudged.  Lankester*s  figure 
and  description  certainly  indicate  no  '  cornua/  and  his  explicit  state- 
ment that  the  fossil  is  intermediate  between  the  more  complex 
Fteraspids  and  Scaphaspia  sufficiently  indicates  his  opinion  .on  this 
point. 

Of  the  remarkable  canal-system  of  HoUupis  so  clearly  shown  in 
Lankester*8  figure  I  have  found  no  trace  in  Pdlceaspis,  nor  yet  of  the 
'  pores '  accompanying  the  canals. 

Pig.  5. — Outline  of  ventral  shield,  from  severed  specimens. 

^  front 


[Outer  view,  right  side,  ahowing  obtuse  angle.] 

In  another  point,  however,  the  two  fossils  are  in  agreement. 
There  is  in  both  a  total  absence  of  a  separate  rostral  plate.  Not 
the  slightest  sign  of  division  is  shown  in  any  of  my  specimens,  and 
in  the  representation  of  Holaspis  accompanying  Prof.  Lankester's 
paper  the  place  of  junction  of  such  a  plate  with  the  dorsal  shield  is 
equally  unmarked.  In  both  the  striation  flows  on  uninterruptedly 
over  the  surface,  and  thus  affords  a  distinctive  character  from 
Cyaihaspis.  Moreover  the  fore  margin  is  in  both  well  rounded  and 
complete,  giving  assurance  that  no  such  plate  is  missing. 

In  no  one  of  the  many  specimens  that  I  have  examined  have  I 
seen  the  slightest  indication  of  a  medial  posterior  spine  on  the  dorsal 
shield,  so  that  we  may  be  quite  confident  that  i^o  such  appendage 
existed.  There  is  moreover  no  thickening  of  the  material,  no  con- 
verging or  change  in  the  direction  of  the  strise  towards  the  hinder 
end^  and  no  sign  of  a  furrow  or  groove  for  its  insertion,  such  as 
might  have  been  looked  for  had  Palceaspis  possessed  the  spinous 
process  that  characterizes  Pteraspis  and  Cyathaspis. 

Yin,  Thb  Lateral  Oroaits,  *  Fins,'  op  PaIuEAspis. 

In  addition  to  the  above-mentioned  new  characters  of  Pdlataspis 
there  is  another  point  on  which  I  am  at  present  unable  to  speak 
with  certainty,  but  the  interest  of  it  is  too  great  to  allow  of  its 
omission. 

I  have  from  time  to  time  detected  on  the  slabs  containing  the 
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speoimens  small  objects  in  some  respects  resembling  spines,  for 
whieb  indeed  I  at  first  mistook  them.  But,  as  above  said,  no  indicar 
tion  of  such  parts  can  be  anywhere  found ;  hence  this  opinion  was 
untenable.  An  increased  number  of  specimens  and  closer  examina- 
tion revealed  several  facts :  first,  that  these  apparent  spines  were 
margined  with  what  appeared  to  be  a  flat  fringe  around  their 
smaller  and  pointed  ends  and  nearly  to  their  bases ;  secondly,  that 
the  rounded  conical  parts  were  filled  with  matrix  and  had  there- 
fore not  originally  consisted  of  hard  material ;  thirdly,  that  this 
central  spine-like  portion  was  covered  with  a  layer  of  the  same 
tissue  as  that  of  which  the  shield  was  composed ;  and  fourthly,  that 
the  fringe  around  the  conical  central  portion  was  distinctly  striate 
in  a  direction  approximately  parallel  to  its  axis.  The  resemblance 
of  this  structure  to  a  Grossopterygian  fin  was  now  obvious,  yet  as 
no  such  organ  had  been  found  with  any  Pteraspid  I  was  anwilling 
to  attach  much  value  to  this  resemblance  until  a  single  specimen 
showed  the  organ  so  close  to  the  side  of  the  dorsal  shield  as 
irresistibly  to  suggest  a  connexion.  Unfortunately  the  matrix  here 
obscures  the  possible  contact,  and  adheres  so  firmly  that  separation 
is  impossible  without  destroying  whatever  evidence  may  exist. 
This,  however,  is  scarcely  to  be  counted  an  objection  to  tiie  view 
above  suggested,  inasmuch  as  actual  connexion  may  have  been 
severed  before  fossilization  took  place  by  the  decay  of  the  soft  parts 
through  which  union  with  the  body  must  have  been  effected  in 
order  to  allow  of  movement. 

I  have  represented  the  three  specimens  of  this  singular  fossil  in 
fig.  6,  wherein  are  shown  the  slight  difierences  that  exist  in  size, 
proportion,  and  detail.  In  fig.  7  (p.  555)  I  have  also  represented 
the  one  specimen  showing  the  oi^an  in  the  position  in  which  I  have 
written  of  it  above.  Four  of  these  *  fins,'  if  I  may  venture  to  so 
name  them,  are  in  my  possession,  and  I 

have  seen  indications  and  imperfect  traces  Fig.  6. — Three  ^Jlns/ 
of  others.  eh<iwing  differences 

Without  seeming  too  positive  on  this  of  form  and  size, 

question,  I  may  further  remark  that  there 
is  no  antecedent  improbability  in  this  view 
and  no  real  ground  for  scepticism.  Though 
we  know  that  the  hinder  end  of  Pterasjpis 
was  not  clad  in  armour  but  in  scales,  so 
that  the  caudal  and  dorsal  fins  would,  if 
present,  fall  to  pieces  on  the  decay  of  the 
soft  retaining-parts,  yet  we  have  no  reason 
to  assume  that  the  same  was  true  of  the 
anterior  limbs,  hitherto  altogether  un- 
known. They  might  naturally  be  clad  in 
the  same  protective  armour  as  the  rest  of 
the  fore  body,  though  movable  as  the  spine 

of  Pterichikys.  True,  it  is  not  usual  to  find  the  fins  of  fishes  severed 
from  the  body  and  yet  remaining  tolerably  entire  as  in  the  present 
case,  but  in  creatures  so  anomalous  as  tiiese  such  a  state  seems 
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possible.  The  conical  hollow  was  in  that  case  the  lodgment  of  the 
motor  mnsde  on  whose  decay  its  place  was  filled,  as  that  of  the 
other  soft  parts,  with  mud. 

The  resemblance  of  these  '  fins '  to  those  of  Huxley's  Crosso- 
pterygians  was  noted  above,  and  I  may  add  that  two  forms  appear  to 
prevail,  one  broad  and  the  other  narrow.  This  difference  may 
indicate  that  more  than  one  pair  belonged  to  the  same  individual 
as  pectorals  and  ventrals,  or  it  may  be  of  slighter  import. 

Fig.  7 — Shield  with  ^fin '  lying  by  its  side — in  life-position  ? 


A  somewhat  curious  specimen  which  is  in  my  possession  gives  us 
a  little  more  information  conceruiDg  the  organ  above  described. 
It  is  at  present  quite  unique,  and  was  employed  to  illustrate  the 
lateral  plates.  By  turning  back  to  fig.  4  (p.  552)  and  closely 
examining  the  lateral  plate  which  is  partly  shown  in  its  cast, 
there  may  be  seen  in  the  very  angle  a  small  roundish  object 
looking  extremely  like  what  the  base  of  such  a  fin  would  show  if 
preserved  in  place.  I  am  unable  to  interpret  it  in  any  other  way 
than  by  regarding  it  as  the  actual  inner  extremity  of  an  organ  such 
as  I  have  above  described.  This  specimen  must  therefore  be 
regarded  as  strongly  confirming  the  opinion  that  we  have  here  a  real 
lateral  organ — one  of  a  pair  of  fins,  pectoral  or  ventral  or  the  two 
combined — whereby  PaUmspis  balanced  itself  in  the  water.  Un- 
fortunately I  do  not  possess  the  cast  of  this  specimen,  which  might 
have  afforded  yet  more  testimony  in  the  same  direction,  and  the 
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above  is  all  the  evidence  that  I  can  offer  in  support  of  the  opinion 
herein  expressed. 

In  opposition  to  this  view  may  be  adduced  the  structure  of 
CephdlasjfiSy  which,  so  far  as  we  yet  know,  was  possessed  of  no 
organ  similar  to  that  above  described.  The  appendages  to  the 
cephalic  plate  of  which  traces  are  so  frequently  seen  in  the  fossils, 
but  which  has  been  so  rarely  preserved  in  a  satisfactory  state,  htsve 
been  regarded  (as,  for  example,  by  Lankester)  as  pectoral  fins,  or  as 
doing  a  double  duty  (1)  as  fins  and  (2)  as  accessory  breathing- 
organs,  resembling  in  this  latter  respect  the '  gill-scoops  *  or  scapho- 
gnathites  of  the  Lobster  and  the  Crayfish.  But  in  these  parts  of 
Cephalaspis,  as  Lankester  says,  there  is  no  trace  of  fin-rays,  they 
being  simply  elliptical  expanses.  On  the  other  hand,  these  organs 
in  Falceaspis  do  show  what  may  be  regarded  as  rays  and  what 
indeed  cannot  but  suggest  fin-rays  to  the  eyes  of  the  ichthyologist. 
In  size  also  they  correspond  with  what  might  be  expected,  so  that 
all  considerations  lead  us  to  the  conclusion  above  stated.  But,  at 
the  same  time,  as  no  specimen  has  yet  shown  them  indisputably  in 
place,  we  must  suspend  our  final  decision  until  some  happy  accident 
shall,  as  in  the  case  of  Kunth  and  Yon  Alth,  bring  forward  absolute 
and  incontrovertible  proof  either  for  or  against  this  view.  At 
present  the  Cephalaspids  and  the  Fteraspids  stand  alone  in  the 
vertebrate  sub-kingdom  in  not  possessing  or  being  known  to  possess 
paired  limbs,  unless  the  low,  existing  Lancelot  {Amphioxua)  be  set 
down  in  the  same  category.  I  make  no  mention  of  the  Serpents, 
because  they  are  without  doubt  descended  from  limbed  ancestors,  a 
conclusion  which  may  indeed  be  true  of  the  Lancelet,  but  cannot  be 
predicated  of  the  Silurian  fishes. 

Though  no  specimen  (as  aforesaid)  actually  shows  this  oi^an  in 
position,  yet  I  am  induced  to  believe  that  it  was  attached  to  the 
body  at  the  critical  point  already  mentioned,  where  the  lateral 
plate  ends  forwardly,  and  where  the  remarkable  change  of  direction 
is  to  be  seen  in  the  striation ;  and  if  from  this  point  towards  the 
head  the  dorsal  and  ventral  plates  were  not  in  actual  contact  there 
would  be  here  ample  opportunity  for  attachment  to  the  soft  parts 
of  the  body  within,  as  is  the  case  with  the  Trunk-fishes  or  Ostra- 
cionts  of  to-day. 

It  is  fitting  here  to  aUude  to  the  fart  that  Kunth,  in  his  paper 
already  more  than  once  referred  to,  makes  mention  of  some  such 
organ,  and  I  was  at  first  inclined  to  hope  that  a  confirmation  of  my 
theory  of  the  fin-structure  of  Pala^aspis  might  be  derived  from  the 
remarkable  specimen  which  this  palaeontologist  so  clearly  but 
mistakenly  described.  He  writes  distinctly  of  an  organ  which  it 
seemed  to  him  might  be  regarded  as  a  means  of  locomotion  or,  he 
adds,  of  getting  food.^     But  a  short  examination  of  his  figure 

^  '  Aiif  der  linken  Seite  beBndet  eich  zwi^cben  den  beiden  Schildem  noch  ein 
Schalstiiok  Ton  stumpf  spindelformiger  Gestalt,  welchett  etwas  langer  ist  ale 
die  oben  erwahnten  Segmente  und  langs  der  Bander  der  Sebilder  gelai^rt  ist 
Es  mag  dasselbe  irgend  welchen  Bewegun^-  oder  Ernahrungswt  rkxeugen 
anscehurt  haben  ;  seine  Erkliirung  muss  gliioklicberen  Findern  vorbehalten 
bleiben.'— ZeiUchr.  d.  Beutech.  geol.  Qesellsch.  vol.  xxiv.  (1872)  p.  5. 
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dispels^  all  such  expectation,  and  shows  in  a  moment  that  this  state- 
ment is  only  another  of  the  misapprehensions  into  which  this  writer 
Was  led  in  consequence  of  his  mists^en  view  of  the  fossil.  Eegarding 
it  as  a  rolled-up  trilobite  he  was  puzzled  to  explain  the  side-pieces 
which  were  yisible  on  his  slab  between  the  head-  and  tail-shields  of 
his  *  crustacean.'  He  could  not  compare  it  with  any  known  part  of 
any  known  species,  nor  was  it  probable  that  any  unknown  form 
would  differ  very  widely  from  these.  He  consequently  was  driven 
to  the  view  that  his  fossil  represented  some  not  yet  discovered 
family,  and  that  these  side-pieces  were  the  remains  of  locomotive  or 
feeding  organs.  But  in  the  light  of  the  now  known  structure  of 
Palasaspis  it  is  evident  that  Eunth  was  dealing  with  a  somewhat 
similar  form,  wherein  the  side-pieces  being  rather  loosely  anchy- 
losed  to  the  dorsal  shield  fell  away  when  the  soft  retaining-parts 
decayed.  The  close  correspondence  of  these  parts  with  the  *  comua ' 
of  Cyathtispis  should,  one  would  think,  have  almost  sufficed  to 
prevent  the  complete  misinterpretation  which  led  Kunth  astray  in 
regard  to  his  fossil.  The  insertion  of  such  organs  in  a  crustacean 
of  trilobitic  affinity  is  hardly  less  foreign  to  what  we  know  of  the 
structure  of  the  group  than  would  have  been  the  addition  of  lateral 
pieces,  and  scarcely  aided  the  case  or  lessened  the  difficulty. 

IX.  CoMPAMsoir  OP  Pal-easpis  with  OTHfiB  Pteraspids. 

One  difference,  however,  between  Kunth's  fossil  and  Palasaspis  is 
obvious  from  an  examination  of  his  figures.  It  is  that  in  the  former 
the  side-pieces  lie  in  front  of  the  mid-point,  whereas  in  the  latter 
they  lie  behind  it.  There  is  no  possibility  of  otherwise  explaining 
either  Kunth's  figure  or  my  specimens.  This  may  of  course  be  due 
simply  to  difference  of  species  or  rather  of  genus,  for  so  great  a 
variation  must  be  more  than  specific.  But  our  present  knowledge 
scarcely  warrants  a  definite  resort  to  this  explanation.  If,  however, 
the  side-pieces  in  Kunth's  specimen  really  lay  in  life  as  represented 
in  his  figure,  and  of  this  I  can  see  no  reasonable  doubt,  then  it 
would  not  be  possible  to  include  it  in  my  genus.  But  there  is  a 
possibility  which  may  one  day  remove  this  existing  discrepancy. 
Though  no  specimen  in  my  possession  shows  an  antero-lateral  plate 
in  position,  or  any  convincing  traces  of  such  an  arrangement,  yet 
from  some  indications  I  should  not  be  surprised  if  such  a  case  should 
come  to  light  and  the  species  should  be  found  to  have  bad  side-pieces 
in  front  similar  to  those  of  Kunth's  figure.  This  would  render  the 
armour  of  the  animal  more  symmetrical  and  in  harmony  with  that 
of  some  other  members  of  the  family,  notably  Cyathaapis,  in  which, 
however,  the  two  plates  are  represented  by  a  single  one,  and  the 
critical  point  where  a  fin  may  have  been  attached  in  Palceagpis  is 
not  apparent.  Moreover,  the  hinder  part  of  Kunth's  specimen  is  so 
badly  broken  that  it  is  in  my  opinion  impossible  to  say  that  it  did 
not  originally  possess  a  postero- lateral  plate  resembling  that  of  Palcd- 
aspis,  and  lying  in  a  corresponding  position.  Should  this  prove  to 
be  the  case,  the  two  would  very  closely  correspond  in  structure, 
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and  both  would  most  likely  fall  into  the  genus  Palasaspig  as  here 
amended,  no  very  important  difference  then  remaining  so  far  as 
they  are  yet  understood. 

Yet  farther  in  this  direction  may  be  quoted  the  DipUupis  of 
Mr.  Matthew,  inwhich  he  represents  in  his  figure  what  appear  to  be 
two  such  lateral  plates  on  each  side  of  his  fish.  His  specimen  is  so 
dam  aged  that  this  point  is  left  doubtful,  and  Mr.  A.  Smith  Woodward 
says  in  his  '  Catalogue '  that  he  prefers  to  consider  them  as  the 
result  of  fracture  till  further  evidence  is  forthcoming.  But  if  in 
reality  Diplaspi^  possessed  both  an  antero-  and  a  postero-lateral 
plate,  this  fact  would  greatly  strengthen  the  argument  that  such  a 
structure  was  not  uncommon  in  the  family.  The  place  of  meeting 
of  these  three  plates  would  then  furnish  a  critical  point  to  which  an. 
organ  of  motion,  if  one  existed,  might  naturally  be  attached. 

It  may  further  possibly  turn  out  that  this  division  of  the  single 
lateral  plate  of  Cyathaspis  of  Europe  into  two  may  be  a  character 
of  all  the  American  Pteraspidians,  and  the  different  genera  (if 
more  than  one  exist)  must  be  characterized  by  other  features. 
We  are  unable  on  this  point  to  form  an  opinion  regarding  Eunth's 
specimen. 

Recurring  for  a  moment  to  Kunth*s  figures,  it  is  not  easy  to 
understand  the  relations  of  the  other  parts  of  the  fossil  tiiere 
represented,  fiut  the  fragment  shown  crosswise  and  behind  the 
dorsal  plate  is  certainly  sufficient  to  justify  the  above  suggestion. 
Evidently  the  dorsal  shield  extended  farther,  and  possibly  much 
farther,  backward  than  the  fragment  shown  in  the  figure  indicates ; 
while  the  lateral  plate  shown  out  of  position  may  readily  be 
supposed  to  have  extended  from  the  bevelled  edge  of  the  Scaphaspid 
plate  backward,  and  to  have  gradually  tapered  off  at  the  end  of  the 
Pteraspid  shield. 

It  is  not  a  little  surprising  that  in  his  attempted  restoration 
Dr.  Kunth  has  entirely  omitted  this  lateral  plate.  He  evidently 
regarded  it  as  belonging  elsewhere  than  between  the  two  main 
shields,  and  hence,  though  it  is  represented  in  the  end  view,  it  is  not 
shown  in  his  fig.  5. 

Regarding  the  medley  of  fragments  lying  behind  the  large  shield, 
we  cannot  from  Kunth 's  figure  form  any  definite  idea  of  their 
nature  and  relations.  Such  fragments  are  always  difficult  of  inter- 
pretation, and  the  pencil  of  the  learned  author  may  have  been 
unconsciously  swayed  W  his  belief  that  be  was  representing  a 
trilobitic  crustacean.^     -W^hatever  their  appearance  may  be  they 

^  That  Dr.  Kunth  was  somewhat  biassed  by  his  prejudice  in  faFOur  of  a 
crustacean  affinity  for  his  fossil  appears  ahnost  certain  when  we  read  his 
remarks  on  the  wider  benrings  of  his  subject  towards  the  end  of  his  paper.  He 
saw  of  course  that  his  oonchisions  regarding  his  own  species,  which  bA  named 
Cyathaspis  integer,  would  logically  b©  applied  to  Pteratpis  in  consequence  of 
their  manifest  affinity.  But  Lankester  had  figured  a  Pteraspis  with  a.  few 
evident  scales  behind  the  dorsal  shield.  This  specimen,  the  only  one  yet  known 
showing  any  similar  parts,  established  of  course  the  ichthyic  nature  o{ Pteratpi$, 
With  a  view  of  invalidating  the  strength  of  this  opposing  testimony  Dr.  Kunth 
remarks : — "  Schwer  su  enischeiden  irt  es,  ob  die  Gattung  Pteraspis  im  Sinne 
Lankester^s  hierher  zu  stellen  ist.    Lankester  hat  ein  Stiick  Schild  von  Pteraspis 
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probably  represent  the  fragments  of  the  missing  portion  of  the 
dorsal  shield,  the  hinder  part  of  which  was  in  all  probability  ridged 
or  fluted  as  the  ventral  shield,  and  therefore  has  been  broken  up 
into  the  linear  pieces  which  he  has  figured  and  imagined  to  be  the 
detached  rings  of  a  trilobite. 


X.   AlTEMPTBD  EesTOBATIOK  OF  PaL^ASPIS. 

With  regard  to  the  attempted  restoration  in  fig.  8  (p.  560),  I  do 
not  of  course  attach  too  much  value  to  it  as  a  whole.  The  fol- 
lowing points  may,  however,  be  fully  relied  upon: — the  form  of  the 
dorsal  shield,  the  total  absence  of  a  spine,  the  presence  of  orbital 
notches,  the  singular  striation  at  the  mid-edge,  and  the  nearly 
straight  lateral  margin ;  also  the  general  form  of  the  ventral  shield, 
the  obtuse  angle  near  but  rather  in  front  of  the  middle,  the 
truncate  termination,  and  the  general  convexity.  As  to  the 
lateral  plates,  several  specimens  show  the  same  form  and  position  as 
that  represented  in  ^g,  8  (p.  560) ;  but  it  seemed  unnecessary  to 
npeat  the  illustration. 

On  the  other  hand,  I  am  Hot  quite  certain  regarding  the  exact 
position  of  the  ventral  in  relation  to  the  dorsal  shield.  No  specimen 
yet  found  shows  the  two  so  perfectly  as  to  enable  me  confidently  to 
adjust  them  to  each  other.  Possibly  the  ventral  plate  lay  farther 
forward,  but  I  incline  towards  the  view  that  its  actual  position,  if 
not  as  represented,  was  somewhat  farther  backward. 

Of  course,  as  Von  Alth  has  pointed  out,  the  position  of  the 
mouth  represented  by  Lankester  cannot  now  be  accepted  aa  correct. 
It  must  be  removed  far  enough  forward  to  lie  in  front  of  the  fore 
edge  of  the  ventral  shield.  But  exactly  how  great  a  removal  this 
would  mean  is,  in  Pakeaspia  as  in  PUraspis,  at  present  uncertain. 
In  Von  Alth's  specimen  some  slip  has  occurred.  In  mine  the  ends 
are  incomplete  in  both  cases  where  the  shields  are  together.  I  am 
therefore  uncertain  whether  or  not  the  ventral  plate  fell  short  of, 
or  extended  beyond,  the  dorsal  backward. 

The  exact  form  of  its  termination  I  have  also  been  unable  to 
ascertain.  Several  specimens  show  a  serrate  edge  at  what  appears 
to  be  the  hinder  end  of  the  ventral  shield ;  but  these  are  fragments 
showing  only  the  internal  face  of  the  plate,  and  other  specimens 


mit  daran  hangenden '  Sohuppen '  abgebildet.  Dub  die  abgebildeten  rhombisoben 
Gebilde  Sobuppen  seien  erscbeint  allerdings  sehr  wabncbeinliob ;  wenigeriiber- 
zeugend  wirkt  die  Abbildung  bei  der  Frage,  ob  das  daran  bangende  Schild- 
fraf<ment  zu  Pteraapis  gehore.'* — Op,  supra  cit,  p.  6. 

But  the  preeenoe  of  the  peculiar  and  fine  striation  on  the  fragment  (which  is 
fortunately  well  preserved)  of  this  unique  and  invaluable  specimen  from 
Herefordshire,  to  which  Lankester  calls  special  attention,  should  have  been 
amply  sufficient  to  convince  anyone  of  the  Pteraspidian  nature  of  the  fossil 
beyond  all  doubt  or  misgiving. 

Thus  did  Kunth  narrowly  miss  the  honour  of  first  publishing  the  real  nature 
of  the  genus  Seaphaspis,  and  its  true  relationship  to  Pteraspia  and  to  CytUh' 
aapia. 
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rather  encourage  the  belief  that  the 
outer  layer  had  an  even  edge.  In  this 
case  the  row  of  tubercles  forming  the 
serration  probably  indicates  the  points 
of  attachment  of  muscles. 

It  is  a  little  remarkable,  and  to  me 
unexpected,  that  in  no  specimen  yet 
found  have  I  seen  any  indication  of  the 
canal-system  so  clearly  apparent  in  the 
plates  of  Holasjyis  as  represented  in 
Lank  ester's  figures  and  also  in  the 
shields  of  other  Pteraspids.  It  is  scarcely 
likely  that  the  canals  were  altogether 
wanting,  and  the  absence  may  be  due  to 
the  mode  of  fossilization.  Neither  on  the 
casts  of  the  outer  surface  nor  on  the  sur- 
face itself  when  preserved,  though  show- 
ing the  most  delicate  striation,  have  I 
found  the  least  trace  of  such  structure. 

Nor  have  I  seen  in  any  of  the  lateral 
plates  any  sign  of  the  (so-called) 
branchial  tubes  or  holes  found  in  the 
laterals  of  Pteraspis,  Those  do  not 
occur  in  Cyaihaspis^  and  this  fact,  no 
less  than  the  structure  of  the  shield, 
indicates  a  closer  relationship  with  that 
genus  than  with  the  former. 

In  addition  to  the  specimen  herein 
described  I  have  among  the  material  in 
hand  several  very  small  shields  much 
more  convex  than  those  of  Palcnaspisy 
and  not  exceeding  1  inch  in  length. 
They  suggest  very  strongly  by  their  out- 
line a  relation  to  Cyaihaspisj  but  they 
may  be  merely  young  specimens  of  the 
larger  genus.  Some  of  the  stones  also 
abound  with  coprolitic  matter,  which  is 
mostly  of  a  lighter  colour  than  the  rock. 

A  comparison  of  my  restored  figure 
with  that  of  Pteraspis  as  given  by  Mr.  A. 
Smith  Woodward  shows  that  no  very 
great  modification  of  structure  is  neces- 
sary to  bring  it  and  PdUxaspis  into 
close  resemblance.  The  curve  there 
shown  on  the  upper  edge  of  the  ventral 
plate  might  easily  be  so  increased  or 
developed  as  to  result  in  two  lines  meet- 
ing at  an  obtuse  angle,  as  seen  in 
Pahxaspis^  and  this  change  would  con- 
vert the  one  lateral  plate  of  Pteraspis 
into  two  by  dividing  it  in  the  middle. 
This  might   result   either  in    forming 


Fig.  8. — Attempted  resto- 
ration of  P.  americana. 


[Showing  details  ascertained 
or  rendered  probable  so 
far  as  at  present  known.] 


Digitized  by  VjOOQ IC 


OV  IHB  AHEBICAN  PTE&^PIDIAV,  PALJ5ABFI8.  561 

two  laterals,  or  the  anterior  might  he  sappressed  or  united  with 
the  dorsal.  This  change  would  hring  DiplcapU  as  descrihed  hy 
Mr.  Matthew,  and  Palceaspis  as  figured  here,  into  line  with  the  older 
forms. 

With  the  structure  of  PteraspU  as  indicated  it  is,  however, 
difficult  to  see  any  special  place  for  the  attachment  of  an  organ  of 
motion  such  as  I  have  described  in  this  paper,  supposing  its 
function  to  have  been  rightly  interpreted,  and  I  should  like  to  at 
least  throw  out  the  suggestion  that  the  openings  in  the  *  cornua  '  or 
lateral  plates  which  have  somewhat  puzzled  authors  on  this  subject 
may  have  answered  this  purpose,  and  may  correspond  with  the 
*  critical  point '  on  which  I  have  laid  some  stress  in  my  account  of 
the  genus.  If  I  read  Lankester's  description  aright  (I  have  no 
critical  specimen  of  Pteraspis  for  reference)  there  is  a  passage 
through  these  to  the  inside  of  the  body.  Indeed  this  must  be  the 
case  in  order  to  afford  a  foundation  for  the  supposition  that  they 
are  connected  with  the  branchial  organs,  of  which,  however,  we 
thus  far  know  nothing. 

XI.   AjCEVDBD  DbFINRTOB  OY  PaIlSASPIS. 

In  conclusion,  I  append  amended  descriptions  of  the  genus  and 
species  as  now  known  (March,  1892). 

Paubaspis  (Claypole),  1884. 

Armour  consisting  of  a  dorsal,  a  ventral,  and  at  least  two 
(perhaps  four)  lateral  plates. 

Dorsal  plate  oval,  nearly  alike  at  both  ends,  not  very  convex, 
even-edged,  and  with  rather  shallow  orbital  notches  in  the  margin. 

Ventral  (Scaphaspid)  plate  (the  Pteraspis  bitruneata  of  1884) 
rather  smaller  than  the  dorsal,  usually  rather  more  convex,  trun- 
cate ;  lateral  edges  not  straight,  but  forming  an  obtuse  angle  about 
the  middle. 

Post-lateral  plates  elongate-triangular  in  outline,  resting  on  the 
posterior  slope  of  the  edge  of  the  ventral  plate. 

Aiitero-laterals  suspected  to  exist,  but  not  proved. 

No  rostral  plate  or  indication  of  one  by  striation  or  otlierwise. 

Pal^aspis  ajcbbioava. 

Dorsal  shield  oval,  about  3  to  4  inches  in  length. 

Ventral  bitnincate  (P.  bitruneata  of  1884). 

Postr-laterals  pointed  in  front  and  terminating  with  ventral 
behind. 

Antero-laterals  perhaps  present. 

*'  Fin,"  or  some  appendage  resembling  one,  with  fringed  margin 
(Crossopterygian),  and  probably  attached  ia  front  of  the  post- 
laterals. 
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41.  Notes  an  some  New  and  LrrrLB-KNowN  Spbcieb  of  Carbo- 
KiFEBOus  MuBCHiBONiA.  By  Miss  Janb  Donald.  (Communi- 
oated  by  J.  G.  Goodohild,  Esq.,  F.G.S.  £«ad  June  22nd9 
1892.) 

[Plates  XVI.  k  XVH] 

Etbbt  student  of  the  Carboniferous  rocks  must  be  struck  by  the 
number  of  keeled  gasteropoda  they  contain,  many  of  which  are  so 
small  and  also  so  strongly  resemble  one  another  that  only  the  study 
and  comparison  of  a  large  series  can  afford  means  for  anything  like 
an  accurate  determination  of  different  species.  As  a  help  towards 
their  elucidation,  I  am  about  to  figure  and  define  the  characteristics 
of  some  of  the  more  marked  forms  of  Murckisonia,  Several  of  these 
have  been  previously  described,  but  I  think  it  well  to  reproduce 
them  with  more  detailed  notes. 

In  a  previous  paper  ^  the  various  sections  into  which  it  has  been 
considered  advisable  to  group  different  species  of  Murchitonia  have 
been  noticed.  Of  the  species  here  described  two  alone  can  un- 
doubtedly be  referred  to  Ooniostropha^  (Ehl.,  as  possessing  the 
characteristics  of  that  section:  namely,  the  turriculated  form, 
angular  whorls,  and  sinual  band  situated  on  the  summit  of  the 
angle.  In  M,  quadricarincUa^  M,  quinquecarinata,  M.  elangaia^ 
M.  Kxrkhyi^  M.  plana^  and  M,  conulaj  var.  convesa,  the  sinus  is 
situated  above  the  angle;  in  other  respects  these  shells  resemble 
species  of  Ooniostropha,  It  is  therefore  a  question  whether  they 
should  be  referred  to  that  section  or  whether  the  position  of  the 
sinual  band  be  considered  sufficiently  distinctive  to  necessitate 
their  being  grouped  together  in  a  new  section.  In  the  latter  alter- 
native I  should  suggest  the  name  Eypergoniay  and  take  M,  quadri- 
carinata  for  the  type. 

With  regard  to  M.  pentonensis,  it  is  somewhat  difficult  to  decide 
whether  the  sinual  band  is  actually  on  the  summit  of  the  angle  or 
immediately  above.  I  incline  to  the  latter  opinion,  and  should 
therefore  group  this  species  with  M.  qtiadricarinata  and  allied 
forms.  M.  conula^  var.  convexa,  and  M,  plana  differ  from  the 
other  species  of  this  group,  and  also  from  species  of  Ooniostropha^  in 
having  the  base  of  the  shell  flattened.  M,  amoena,  Be  Eon.,  agrees 
with  these  two  last-named  species  in  having  the  sinus  above  the 
angle  and  also  in  the  base  being  flattened.  The  possession  of  this 
flattened  base  is  hardly  a  characteristic  of  such  value  as  to  render 
it  necessary  to  separate  these  shells  from  those  referred  to  Hyper- 
gonia.  In  addition  to  these  keeled  Murchisoniasj  1  notice  a  new 
and  interesting  smooth  form,  probably  belonging  to  the  section 
Ccdocaulus^  (Ehl.  I  also  give  a  fuller  description  of  a  fossil  de- 
scribed in  1859  by  Prof.   Haughton^  as  Ceriihioides  tducopium^ 

^  '  Beaor.  of  Bome  New  Species  of  Carb.  Gasteropoda,'  Qaart.  Joum.  G«ol. 
Soo.  Tol.  xIy.  (1889)  p.  621. 

^  '  On  some  Fossil  Pyramidellidie  from  the  Oarb.  Limestone  of  Cork  and 
Glonmel/  Proo.  Dublin  UniFenity  Zool.  and  Bot.  Anoe.  voL  i.  pt  iii.  p.  282, 
pi.  n.  figs.  2-4. 
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which  seems  to  have  been  overlooked,  for  it  is  not  mentioned  in  any 
of  the  lists  of  fossils  published  since.  Though  he  notes  the  existence 
of  a  band  on  the  whorls,  he  does  not  observe  its  significance  as  indi- 
cating the  possession  of  a  sinus  in  the  outer  lip.  He  refers  it  to  the 
Pyramiddlidas^  and  considers  it  elosely  allied  to  the  recent  Cerithium 
telescopium.  Brag.  The  sinus  in  the  outer  lip  is  clearly  shown  to 
have  been  present  by  the  lines  of  growth  which  curve  backwards  to 
the  band  above  and  forwards  again  below,  thus  proving  that  tbe 
shell  is  closely  related  to  the  Murchisonice,  Of  the  sections  into 
which  that  genus  has  been  divided,  this  species  has  most  in  common 
with  Coslocaultu,  but  it  differs  from  it  in  its  remarkably  flattened, 
grooved  base  and  in  the  absence  of  an  umbilicus.  The  mouth  is  im- 
perfect in  all  the  individuals  I  have  seen,  but  from  what  is  preserved 
I  think  it  is  highly  improbable  that  the  columella  was  vertical  or 
the  peristome  reflected  as  in  Ccdocaulus.  It  might  therefore  be 
weU  to  retain  the  name  Ceriihioides  for  a  section  of  Murchisonia 
in  which  this  species  might  be  placed  until  more  is  known  of  its 
affinities. 

Section  Goniostropha,  (Ehlert. 
MuECHisoNiA  (Goniosthopra)  hibernica,  sp.  uov.    (PI.  XVI.  fig,  1.) 

Shell  elongated,  turreted.  Whorls  angular,  increasing  very 
gradually,  slightly  concave  both  above  and  below  the  angle.  Sinual 
band  bounded  by  two  strong  keels  situated  near  the  middle  of  the 
body-whorl,  and  rather  below  it  on  the  upper  wborls.  Ornamenta- 
tion consisting  of  one  keel  a  short  distance  below  tbe  band  and 
another  above,  immediately  below  the  suture.  Sutures  deep. 
Mouth  unknown.    Lines  of  growth  not  seen. 

There  is  but  one  specimen  of  this  species  in  the  collection  of  the 
Geological  Survey,  Museum  of  Science  and  Art,  Dublin.  The  apex  is 
broken  and  only  six  whorls  remain.  Its  surface  is  badly  preserved, 
so  that  lines  of  growth  indicating  the  possession  of  a  sinus  in  the 
outer  lip  are  not  perceptible.  Nevertheless  its  characteristics  are 
sufficiently  distinctive  to  warrant  its  being  taken  as  the  type  of  a 
new  species  of  MurchUonia. 

Length  12|  millim. ;  width  of  body  5  millim. ;  height  4  millim. 

Locality,  Hook  Point,  Wexford. 

Formation,  Lower  part  of  the  Mountain  Limestone. 

MmcHisoiriA  (Goniostbopha)  Tatei,  sp.  nov,    (PI.  XVI.  fig.  2.) 

Shell  elongated,  turreted.  Whorls  angular,  numerous,  increasing 
gradually.  Sinual  band  bounded  by  two  strong  keels,  situated 
near  the  middle  of  the  body-whorl,  and  rather  below  the  middle  of 
the  upper  whorls.  Ornamentation  above  the  band  variable,  some 
specimens  having  two  slight  keels  on  the  upper  part  of  the  whorl 
with'  one  or  two  fine  threads  below,  between  the  lower  keel  and  the 
band,  and  occasionally  another  thread  above  at  the  suture ;  while 
others  have  only  two  keels,  the  additional  threads  being  absent. 
Below  the  band  are  three  keels  somewhat  less  strong  than  those 
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limiting  the  band;  of  these,  only  one  or  two  are  visible  on  the 
upper  whorls.  lines  of  growth  curving  backwards  to  the  band 
above  and  forwards  again  below.     Mouth  imperfectly  preserved. 

The  shell  figured  is  in  the  Tate  Collection,  Alnwick  Museum,  iu 
which  there  are  also  fragments  of  other  specimens  referable  to  the 
same  species.  The  surface  of  all  is  badly  preserved,  and  the  apex 
of  the  best  specimen  is  embedded  in  the  matrix,  leaving  only  seven 
whorls  visible. 

It  resembles  M,  elongata,  Portl.,  more  nearly  than  any  other 
Carboniferous  species ;  but  may  be  distinguished  from  it  by  its 
much  smaller  spiral  angle,  by  the  greater  strength  of  the  keels 
above  the  band,  as  well  as  by  the  greater  relative  width  of  the 
band. 

Length  23  millim. ;  width  of  body-whorl  7J  millim. ;  width  of 
penultimate  whorl  6  millim. ;  height  4  millim. 

Locality,  Howick. 

Foi-mation,  Upper  part  of  the  Yoredales. 

Section  Htpeboonia. 

8hell  turriculated,  composed  of  numerous  angular  whorls  orna- 
mented with  keels.  Sinual  band  situated  above  the  angle,  a  cha- 
racteristic which  distinguishes  it  from  Oaniostropha,  (£hl.  It  agrees 
witb  Stegocelia  in  the  position  of  the  sinus,  but  difEers  in  not  having 
the  inner  lip  reflected  on  the  columella,  and  in  not  being  umbiUcated. 

MUBOHISONIA    (HrPKBGOHIA)    QTTADRICABINATA,    M*Coy.        (PL    XVI. 

figs.  3  to  6.) 

Murchisonia  qiMdriearinata,  M'Coy,  1844, '  Syn.  of  the  Char,  of 
the  Carb.  Limest.  Foss.  of  Ireland,'  p.  42,  pi.  v.  fig.  9 ;  A.  d'Orbigny, 
1850,  *  Prodr.  de  Paleont.  stratigr.'  t.  i.  p.  123. 

Non  Murchisonia  qtia^l/ncarinata,  L.  G.  de  Epninck,  1851, 
*  Descr.  des  Anim.  foss.  du  terr.  Carb.  de  la  Belgique,'  Supplement, 
p.  697,  pi.  Iviii.  fig.  15. 

MurMsonia  quadricarinata,  Morris,  1854,  Cat.  of  Brit.  Foss. 
p.  259 ;  F.  M*Coy,  1855,  '  System.  Descr.  of  Brit.  Pal.  Foss.'  p.  531 ; 
R.  Griffith,  1860,  Joum.  Geol.  Soc.  Dublin,  vol.  ix.  p.  90; 
J.  Armstrong,  J.  Young,  and  D.  Bobertson,  1876,  •  Cat.  of  the 
Western  Scot.  Foss.'  p.  56 ;  J.  J.  Bigsby,  1878, '  Thes.  Devonico- 
Carboniferus,'  p.  327. 

Non  AturMsonia  quadricarinaia^  L.  G.  de  Koninck,  1883, 
'Faune  du  Calc.  Carb.  de  la  Belgique,'  vol.  viiL  pt.  4,  p.  20, 
pL  xxxiv.  figs.  17, 18. 

Murchisonia  quadricarinaUij  R,  Etheridge,  1888^  '  Foss.  of  Brit. 
Islands,'  vol.  i.  Pal.  p.  301. 

Shell  elongated,  turreted.  Whorls  angular,  numerous,  gradually 
increasing.  Angle  a  little  below  the  middle  of  the  whorl,  bearing  a 
strong  keel  and  having  two  slighter  keels  above  and  two  below ;  of 
the  latter  that  next  below  the  angle  is  generally  the  stronger.  The 
widest  space  is  that  between  the  keel  on  the  angle  and  the  lower  of 
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the  two  upper  keels ;  it  is  occupied  by  the  siuaal  band.  lines  of 
growth  curving  backwards  to  the  band  above  and  forwards  again 
below,  arched  upon  the  band  itself.  Base  somewhat  produced. 
Mouth  longer  than  wide. 

Several  difEorent  forms  having  been  erroneously  named  M,  quadri- 
carinata^  I  consider  it  advisable  to  give  a  fuller  description  and 
enlarged  figure  of  the  type  of  this  species.  It  is  unfortunate  that 
there  is  only  one  specimen  from  the  original  locality,  and  that  it  is 
embedded  in  the  matrix.  Thus  we  cannot  tell  what  amount  of 
variation  in  the  strength  and  position  of  the  keels  there  migbt  be 
if  a  large  series  were  available  for  comparison.  Also  the  exact 
spiral  angle  is  not  seen.  The  shell  is,  however,  well  preserved,  and 
shows  traces  of  the  lines  of  growth.  It  is  quite  distinct  from  the 
form  called  M.  quadricarinata  by  De  Koninck:  the  whorls  are 
more  angular,  the  sutures  deeper,  there  is  also  a  difference  in  both 
the  number  and  the  position  of  the  keels,  and  the  base  of  the  shell 
is  more  produced.  It  bears  a  great  resemblance  to  M,  qfinque^ 
carinata^  De  Kon. ;  but  in  that  species  the  whorls  are  higher  in 
proportion  to  the  width,  the  angle  being  in  the  middle  or  above  the 
middle  of  the  whorl,  and  three  keels  being  frequently  visible  below 
it  on  the  lower  whorls ;  the  spaces  between  the  keels  are  more 
nearly  equal  in  width,  and  the  sutures  are  more  oblique.  M.  quin* 
quecarinata  may,  however,  prove  to  be  merely  a  variety  having  the 
whorls  less  closely  coiled. 

The  type  (PI.  XVI.  figs.  3,  3  a)  which  is  in  the  Museum  of  Science 
and  Art,  Dublin,  is  embedded  in  the  matrix,  and  only  nine  whorls  are 
visible;  these  have  a  length  of  11  miUim.  Width  of  portion  of 
bodv-whorl  seen  3  miUim. ;  height  2j  millim. 

Locality  and  Formation,  Upper  (Carboniferous)  Limestone  of 
Blacklion,  Enniskillen. 

In  the  Woodwardian  Museum  there  are  two  shells  from  the 
Carboniferous  Limestone  of  Derbyshire  referred,  but  with  a  querj', 
to  this  species  by  M'Coy  himself ;  I  also  doubt  their  identity  with 
the  Irish  specimen.  They  are,  however,  so  badly  preserved  that  it 
is  difficult  to  tell  what  they  really  are. 

Four  small  shells  from  the  Mountain  Limestone  of  Settle  appear  to 
belong  to  this  species.  Three  are  in  the  Woodwardian  Museum,  and 
the  other  is  in  tRe  York  Museum.  This  last  (PI.  XVI.  figs.  4,  5)  is 
remarkably  well-preserved,  showing  the  lines  of  growth  very  dis- 
tinctly, and  in  the  middle  of  the  band  there  is  a  fine  thread  on  the 
two  lower  wborls.  The  two  keels  below  the  band  are  about  equal 
in  strength  instead  of  the  upper  being  the  stronger,  as  is  the  case  in 
the  type.  Eight  whorls  are  preserved,  and  there  would  probably 
be  two  or  three  more  if  the  apex  were  entire. 

Length  8j|  millim. ;  width  of  body-whorl  3|  millim. ;  height  2| 
millim. 

There  is  also,  from  the  same  locality,  a  fragment  of  a  larger  shell 
in  the  Woodwardian  Museum  which  bears  a  great  similarity  to  this 
species  in  the  position  of  the  angle  and  in  ornamentation.  The 
space  above  the  angle  is  not  quite  so  wide,  and  the  dimensions  are 
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greater ;  in  these  points  it  resembles  M,  quinqueearinata,  De  Eon., 
so  that  it  appears  to  be  a  conuecting-link  between  the  two  forms. 
Only  four  and  a  half  whorls  are  preserved,  of  which  the  length  is 
11  millim. 

A  shell  in  the  Museum  of  the  Geological  Society  of  London,  from 
the  Carboniferous  Limestone  of  the  shores  of  Lough  Gill,  Ck).  Sligo« 
may  be  this  species,  though  the  space  above  the  angle  is  not  quite 
so  great  as  in  the  type. 

In  the  collection  of  Mr.  Young,  Hunterian  Museum,  Glasgow, 
there  are  several  specimens  which,  though  of  much  smaller  dimen- 
sions, appear  to  agree  with  this  species  in  general  characteristics. 

One  (PL  XVI.  fig.  6)  from  the  shales  of  the  Lower  Limestone 
Series  ^  at  Craigenglen,  Campsie,  has  a  length  of  4  j  millim.  Others 
are  from  the  shales  of  the  Upper  Limestone  Series  at  Glencart, 
Dairy,  and  at  Kobroyston. 

Some  external  casts  in  my  own  collection  from  the  Yoredales  of 
Widdl^  Fell,  Wensleydale,  may  also  be  referred  to  this  species. 

MuBCHisoNiA  (Hypbrgonta'J  qxtinqubcarinata.,  De  Kon.,  var.  pul- 

CHBLLA.      (PI.  XVI.  fig.  7.) 

Murchisonia  quinqueearinata,  De  Xoninck,  1883,  'Faune  du 
Calc.  Garb,  de  la  Belgique,'  vol.  viii.  pt.  4,  p.  23,  pi.  xxxiv.  figs. 
14-16. 

Shell  very  elongated,  turreted.  Whorls  angular,  numerous.  Angle 
situated  rather  above  the  middle  of  the  whorl.  Ornamentation  con- 
sisting of  a  strong  keel  on  the  angle  with  two  finer  keels  above  and 
three  below ;  these  latter  are  all  visible  above  the  sutures  on  the 
five  lower  whorls,  but  the  lowest  keel  is  hidden  on  the  upper  pirt 
of  the  spire.  Spaces  between  the  keels  about  equal  in  width. 
Lines  of  growth  not  perceptible.  Sinual  band  probably  between 
the  keel  on  the  angle  and  that  next  above.  Sutures  deep  and 
somewhat  oblique.  Mouth  longer  than  wide.  Base  slightly  pro- 
duced.    Columella  rather  arched. 

I  know  of  only  one  specimen,  and  this  was  given  me  by  Mr.  Young. 
The  apex  is  broken,  and  only  eight  whorls  remain. 

Length  8|  millim. ;  width  of  lowest  whorl  2|  millim. 

From  the  above  description  it  may  be  seen  how  strongly  this 
shell  resembles  M.  quinqueearinata,  De  Xon.,  in  everj'  way  except 
in  size,  for  De  Xoninck  gives  20  millim.  as  the  length  of  his  species 
and  5  millim.  as  the  width.  He  only  speaks  of  two  keels  below 
the  angle  on  the  whorls  of  the  spire,  and  two  additional  keels  on 
the  body-whorl,  but  some  of  the  specimens  examined  in  the  Brussels 
Museum  show  a  third  keel  just  above  the  suture  on  several  of  the 
lower  whorls  similar  to  the  specimen  under  discussion.  The  angle 
is,  however,  placed  high  up  the  whorl  on  all  the  Belgian  shells. 

^  The  higher  members  of  the  Lower  Oarboniferous  rocks  whioh  are  kDown 
to  Scottish  geoloffisto  as  the  Lower  Limestone  Series,  the  Lower  Coals  and 
Ironstones,  and  the  Upper  Limestone  Series,  are  now  known  to  represent  the 
upper  part  of  the  Mountain  Limestone  and  the  Yoredale  rocks  of  £ngliah 
geologists. 
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The  body-whorl  of  the  Scottish  shell  is  too  imperfect  to  show  whether 
there  was  an  additional  keel  upon  it.  With  regard  to  the  remark- 
able difference  in  size,  it  has  been  previously  observed  that  many 
Scottish  fossils  are  dwarfed  as  compared  with  the  same  species  from 
other  localities,  and  this  appears  to  be  especially  the  case  with  those 
from  Dairy.  In  a  former  paper  I  described  a  variety  of  M,  turri- 
culatUy  De  Kon.,  from  the  shales  of  the  Upper  Limestone  Series  ^ 
(Dairy),  differing  as  greatly  in  size  from  the  type  as  the  present 
form  does.  In  the  absence  of  specimens  of  intermediate  dimensions, 
and  considering  that  the  Scottish  shell  is  only  about  half  the  size  of 
the  Belgian  one,  it  seems  advisable,  in  the  meanwhile  at  any  rate, 
to  let  it  constitute  a  distinct  variety  for  which  I  should  suggest  the 
name  pvlcheUa. 

This  species  bears  a  great  resemblance  to  M,  quadricarinata^ 
M^Goy,  from  which  it  may  be  distinguished  by  the  higher  position 
of  the  angle,  more  oblique  sutures,  and  also  in  its  being  of  much 
greater  size  than  the  specimens  of  M,  guadricarinata  from  the 
»Scottish  beds.  It  may,  however,  be  an  elongated  variety  of  that 
species,  but  this  could  only  be  proved  by  the  comparison  of  a  large 
series  of  specimens  which  might  show  intermediate  forms. 

Locality  and  Formation,  Law  Quarry,  Dairy,  in  the  shales  of 
the  Lower  Limestone  Series. 

MURCHISONIA    (HtPEBOOSIa)   COIHTLA,    Dc  KoU.,  VBF.  GOirVBXA.       (PL 

XVI.  figs.  8,  9.) 

Murchisonia  conuUi^  L.  G.  de  Eoninck,  1843,  '  Precis  ^l^m.  de 
Geologic'  par  J.-J.  d'Omalius  d'Hailoy,  p.  516. 

Murchisonia  abbreviata,  L.  G.  de  Koninck,  1843,  'Desor.  des 
Anim.  foss.  du  Terr.  Garb,  de  la  Belgique,'  p.  415,  pi.  xxxviii.  figs.  3 
et6. 

Murchisonia  angulata,  L.  G.  de  Koninck,  1843,  ibidem^  p.  412, 
pi.  xxxviii.  ^g,  8  (synonymis  et  tab.  xl.  ^g,  8  exolusis) ;  H.  G. 
Bronn,  1848,  *  Index  pal.'  p.  747 ;  A.  d'Orbigny,  1860,  '  Prodr.  de 
Paleont.  stratigr.' p.  122;  J.  J.  Bigsby,  1878,  'Thes.  Devonico- 
Carboniferus,'  p.  325. 

Murchisonia  conula,  L.  G.  de  Koninck,  1883,  '  Faune  du  Gale. 
Garb,  de  la  Belgique,'  vol.  viii.  pt.  4,  p.  17,  pi.  xxxiv.  figs.  9,  10. 

^Murchisonia  quadricarinata,  L.  G.  de  Koninck,  ibid.  p.  20, 
pL  xxxiv.  figs.  17,  18. 

Shell  elongated,  turriculated,  somewhat  convex  in  outline. 
Whorls  from  twelve  to  fifbeen,  very  gradually  increasing  and  but 
slightly  angular.  Ornamentation  consisting  of  four  keels  ;  the  keel 
on  the  angle  and  that  next  below  strong  and  almost  equally  pro- 
minent, the  uppermost  and  lowest  keels  much  finer.  The  upper- 
most keel  divides  the  space  above  the  angle  almost  equally  in  two ; 
the  lowest  keel  appears  immediately  above  the  suture.  Base  flat- 
tened, having  no  additional  keels,  but  having  numerous  fine  spiral 
lines.    Sinus  situated  between  the  keel  on  the  angle  and  the  upper- 

^  '  Descr.  of  Bonie  New  Species  of  Carb.  Ghtfteropoda,'  Quart  Journ.  Geol. 
Soc.  Tol.  xlv.  (1889)  p.  622. 
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most  keel.  Lines  of  growth  distinct  and  slightly  irregular  in 
strength,  curving  backwards  to  the  band  above  and  forwards  below; 
strongly  arched  on  the  band,  the  greatest  convexity  being  nearer 
the  upper  keel  than  the  lower.  Sutures  prominent.  Mouth  im- 
perfectly preserved,  probably  somewhat  rounded. 

This  shell  bears  so  strong  a  resemblance  to  M.  oonula.  Be  Ron., 
that  I  consider  it  a  variety  of  that  species.  It  agrees  with  it  in 
the  form  of  the  whorls,  the  number  and  position  of  the  keela  and 
the  flatness  of  the  base.  Eut  it  differs  in  having  a  smaller  spiral 
angle  than  the  specimen  figured  and  described  by  De  Eoninck.  De 
Xoninck  also  states  that  the  sinus  is  between  tbe  two  strongest 
keels  instead  of  above.  On  the  specimenti,  however,  that  I  have  seen 
both  in  the  Brussels  Museum  and  in  the  British  Museum  (Natural 
History)  from  Vise  the  lines  of  growth  appear  to  indicate  the  sinus 
as  being  above  the  angle,  precisely  as  in  the  British  shells.  Most  of 
the  Belgian  specimens  are  imperfect  and  compressed,  so  that  it  is 
difficult  to  ascertain  the  spiral  angle  with  accuracy.  The  upper 
part  of  the  spire  increases  more  rapidly  than  the  lower,  and  if 
that  portion  of  the  shell  be  taken  aJone  the  spiral  angle  of  the 
whole  may  be  represented  as  greater  than  it  really  is.  There  are 
two  unnamed  shells  in  the  Brussels  Museum  from  Vis^  which  are 
identical  with  the  British  8])ecimen8,  and  the  clearly-preserved  lines 
of  growth  show  the  sinus  to  be  in  the  same  position.  The  M.  quadri- 
carinata  of  De  Koninck  appears  to  me  to  be  a  small  variety  of  this 
species.  Jf.  conula,  var.  convexa,  may  be  distinguished  from 
M.  quadricarincUa,  M*Coy,  by  its  more  prominent  sutures,  less 
angular  whorls,  fewer  and  differently  disposed  keels,  and  by  its 
flattened  base.  It  is  like  it,  however,  in  having  the  sinus  above 
tbe  angle. 

Locality  and  Formation.  The  variation  in  size  of  different  indi- 
viduals is  somewhat  remarkable.  The  largest  English  shell  (PL  XVI. 
figs.  8,  9)  is  from  shales  at  the  base  of  the  Toredales  at  Abbey 
Foss,  Askrigg,  Yorkshire.  It  consists  of  eleven  whorls;  the  apex  is 
broken,  so  there  would  probably  be  four  or  five  more  if  entire.  It 
is  34  millim.  in  length ;  the  width  of  the  body- whorl  is  12|  miUim. 
None  of  the  Scottish  specimens  equal  this  in  dimensions.  The  largest 
that  I  have  seen  is  in  the  collection  of  Mr.  John  Toung,  Hunterian 
Museum,  Glasgow,  from  the  shales  of  the  Lower  Limestone  Series 
of  Craigenglen,  Campsie.  It  consists  of  twelve  whorls;  the  apex  is 
broken,  but  if  the  specimen  were  entire  there  would  probably  be 
two  or  three  whorls  more.  The  length  is  16^^  millim. ;  width  of 
body-whorl  5  millim. ;  height  4  millim.  The  larger  of  the  two 
Belgian  specimens  referred  to  is  from  Vise,  etage  v  2 ;  it  is  embedded 
in  the  matrix,  and  only  shows  nine  whorls,  which  have  a  length  of 
1 7  millim.  De  Koninck  gives  46  millim.  as  the  length  of  the  type. 
Other  specimens  from  various  localities  in  Yorkshire,  Scotland,  and 
Belgium  vary  in  size  from  these  dimensions  down  to  shells  which 
have  as  many  as  eleven  or  twelve  whorls  in  a  total  length  of  6  millim. 
Small,  well-preserved  external  casts  of  this  species  are  found  in  an 
impure  limestone  of  Yoredale  age  at  Mosedale,  on  the  northern 
slopes  of  Widdle  fell. 
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MUBCHIBONIA    (HrPBBOOiriA)   P£NT0NBN8IB,  Sp.  DOV.      (PI.  XYI.  ^g9, 
10-12.) 

?  TurriteUa  ?8ulcifera,  J.  E.  Portlock,  1843,  'Geol.  Rep.  London- 
derry/ p.  420,  pi.  xxxi.  fig.  11 ;  H.  G.  Bronn,  1848,  '  Index  Pal.' 
p.  1338. 

Orihonema  quinquecarinata^  Be  Eon.,  '  Notes  on  some  Carb. 
Gasteropoda  from  Penton  and  elsewhere,'  Trans.  Cumberl.  &  West- 
morl.  Assoc.  No.  ix.  (1883-1884)  p,  135,  fig.  6. 

Non  Murchisonia  quinquecarinata^  De  Kon.,  1883, '  Faune  da  Calo. 
Carb.  de  la  Belgique,'  vol.  viii.  pt.  4,  p.  23,  pi.  xxxiv.  figs.  14-16. 

?  TurriteUa  ?sulcifera^  J.  Donald,  1887,  *  Notes  upon  some  Carb. 
Species  of  Murchisonia  in  our  Public  Museums,'  Quart.  Journ.  Geol. 
Soc.  vol.  xiiii.  p.  630,  pi.  xxiv.  fig.  12 ;  R.  Etheridge,  1888,  *Eo88.  of 
Brit.  Islands,'  vol.  i.  Pal.  p.  308. 

Shell  elongated,  turreted,  composed  of  about  twelve  angular 
whorls.  Sinual  band  situated  near  the  middle  of  the  whorl,  bounded 
by  two  strong  keels.  Ornamentation  consisting  above  the  band  of 
one  keel  placed  near  the  suture,  below  the  band  of  three  or  four 
keels  on  the  body- whorl,  only  two  of  these  being  visible  on  the 
upper  whorls.  These  keels  are  not  so  strong  as  those  limiting  the 
band,  the  uppermost  being  generally  the  slightest  of  all,  but  occa- 
sionally the  two  next  below  the  baud  are  less  developed.  The 
widest  space  is  that  above  the  band,  the  spaces  below  being  about 
equal.  Lines  of  growth  fine  and  rather  irregular  in  strength, 
curving  backwards  to  the  band  above  and  forwards  again  below, 
somewhat  indistinct  on  the  band  itself.  Mouth  longer  than  wide. 
Columella  simple.     Base  of  the  shell  slightly  produced. 

In  a  previous  paper  I  erroneously  referred  this  shell  to  the 
genus  Orihonema^  The  examination  of  a  large  number  of  specimens 
both  in  my  own  and  Mr.  Young's  coUections,  and  especially  the 
discovery  of  a  well-preserved  specimen  upon  whichi  the  lines'  of 
growth  are  very  distinctly  seen,  have  convinced  me  that  this  shell 
should  be  referred  to  Murchisonia  instead  of  Orihonema,  Many 
shells  from  the  same  beds  have  lines  coming  straiglit  down  the 
whorls  which  appear  to  be  lines  of  growth,  though  they  are  not 
reaUy  so,  but  merely  result  from  the  substance  and  manner  in  which 
the  shells  are  preserved.  This  is  the  case  with  an  easily  determined 
species  of  Pleurotomaria,  some  specimens  of  which  exhibit  these 
straight  lines,  while  the  best  preserved  show  the  true  lines  of 
growth.  I  also  doubt  the  identification  of  the  species  under  dis- 
cussion with  M,  quinquecarinata,  De  Kon. ;  for  I  have  lately  com- 
pared some  of  my  specimeus  with  De  Koniuck's  type-form  at  Brussels, 
and  I  consider  the  difierence  in  characteristics  such  as  to  lead  to 
their  separation  into  two  distinct  species.  That  of  De  Koninck 
has  a  smaller  spiral  angle,  there  is  a  single  strong  keel  on  the 
angle  of  the  whorl  with  two  finer  keels  above  and  two  or  three 
below ;  also  the  angle  is  higher  up  the  whorl,  and  the  spaces  between 
the  keels  are  about  equal  in  width.  My  specimens  more  nearly 
agree  with  seven  unnamed  shells  on  Tab.  933  in  the  Brussels  Museum 

^  '  Notes  on  some  Garb.  Gasteropoda  from  PentoD  and  elsewhere,'  Trana 
Oamb.  &  Westm.  Assoc.  JS'o.  ix.  (l«83-84)  p.  136,  fig.  6. 
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from  Vis^.    The  only  difference  lies  in  the  uppermost  keel  bounding 
the  band  being  somewhat  finer  on  these. 

Among  shells  belonging  to  the  British  Isles  this  form  most 
nearly  resembles  TurriteUa  ?  sulcifera^  Portlock,  and  may  possibly 
be  identical  with  it.  The  only  known  specimen  of  that  species, 
however,  is  very  small  and  imperfectly  preserved,  so  it  is  impossible 
to  identify  others  with  it  with  any  degree  of  certainty.  It  therefore 
hardly  appears  advisable  to  unite  them  as  one  species,  but  should 
the  discovery  of  more  and  better  specimens  from  Gullion  prove  them 
to  be  the  same,  the  name  pentonevms  must  be  dropped  or  adopted 
as  a  variety  of  wlcifera.  It  also  has  some  similarity  to  M,  quadri- 
earinata,  M^Coy,  but  the  sinual  band  is  narrower,  the  keels  bounding 
it  are  more  nearly  equal  in  strength,  and  the  widest  space  is  above 
the  band  instead  of  being  occupied  by  the  band  itself.  Length  of 
specimen  (Fl.  XVI.  fig.  10),  composed  of  twelve  whorls,  1(5  millim. ; 
width  of  body-whorl  5  millim, ;  height  of  body-whorl  5  millim.  A 
larger  shell,  of  which  only  eight  whorls  are  preserved,  is  23  millim. 
in  length  ;  the  body-whorl  is  crushed,  so  its  exact  dimensions  cannot 
be  given. 

Locality  and  Formation,  Fairly  abundant  in  the  Calciferous 
Sandstone  Series  at  Penton.  It  occurs  in  the  shales  of  the  Lower 
Limestone  Series  at  Law  Quarry,  Dairy,  at  Craigenglen,  and  at 
Hairmyres.  There  are  also  three  specimens  in  the  Museum  of 
Practical  Geology,  London,  from  the  Carboniferous  Limestone  of 
Halkin  Mountain,  Holywell. 

MuRCHisoNiA  (Htpeboonia)  Kirkbti,  sp.  uov.     (PL  XVI.  fig.  13.) 

Shell  conical,  composed  of  eleven  or  twelve  somewhat  rounded 
whorls.  Whorls  ornamented  with  five  keels,  which,  with  the  ex- 
ception of  the  uppermost,  are  very  strong  in  comparison  with  the 
size  of  the  shell.  Spaces  between  the  keels  pretty  equal  in  width. 
Sinual  band  situated  between  the  second  and  third  keels.  Lines  of 
growth  curving  backwards  to  the  band  above  and  forwards  below. 
Base  slightly  produced.  Mouth  rather  longer  than  wide.  Columella 
simple. 

This  shell  may  be  distinguished  from  M,  pentonensis  by  its  greater 
spiral  angle,  stronger  keels,  and  less  angular  whorls.  It  bears 
some  resemblance  to  Jf.  nana,  Be  Xon.,^  but  the  keels  are  much 
stronger  and  the  whorls  are  not  quite  so  rounded.  It  is  very 
like  M.  nebraseensis,^  Geinitz,  but  has  not  so  great  a  spiral  angle 
as  that  species  is  represented  to  have  in  the  figure. 

I  am  indebted  to  Mr.  J.  W.  Kirkby  for  specimens  of  this  species. 
Length  of  shell  consisting  of  eleven  whorls  S^  millim. ;  width  3| 
millim. ;  height  of  two  last  whorls  3^  millim. 

Locality  and  Formation,  Kanderstone,  Fife.  Low  down  in  the 
Calciferous  Sandstone  Series,  about  3000  feet  below  the  base  of 
the  Carboniferous  Limest'One  Series,  which  there  is  equivalent  to 
the  Yoredales  of  the  North  of  England. 

^  '  Faune  da  Oalo.  Garb,  de  la  Belgique/  1883,  vol.  viii.  pt  4,  p.  20,  pi.  zoir. 
figs.  27,  28. 
'  *  Carbonformation  und  Dyas  in  Nebraska,'  1866,  p.  12,  pi.  i.  fig.  17. 
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MiTBCHiBOinA  (Htpbbgonia)  plaka,  sp.  noY.    (PL  XYI.  figs.  14, 15.) 

Shell  elongated,  torretody  composed  of  aboat  thirteen  very  angular 
whorls.  Angle  considerably  below  the  middle  of  the  whorl,  bearing 
a  strong  keel.  Upper  part  of  the  whorl  very  flat,  ornamented  wit£ 
two  much  finer  keels,  between  which  there  is  a  wide  space,  as  one 
keel  is  immediately  below  the  suture  and  the  other  at  a  slight  dis- 
tance above  the  angle.  Below  the  angle  is  another  keel,  not  so 
strong  as  that  on  the  angle,  but  stronger  than  those  above  it ;  this 
keel  is  visible  just  above  the  suture  on  the  upper  whorls.  Sinus 
most  probably  situated  between  the  strongest  keel  and  that  next 
above.  Lines  of  growth  not  discernible.  Base  flattened.  Colu- 
mella simple. 

The  only  shell  to  which  this  bears  any  resemblance  is  if.  amcenaj 
Be  Kon.,^  from  which  it  may  be  easily  distinguished  by  its  more 
elongated  form  and  more  angular  whorls.  The  keels  are  also  some- 
what different,  both  in  their  form  and  their  disposition.  On  this 
species  the  keels  stand  out  clear  and  sharp,  whilst  on  M.  amoma 
they  are  so  strong  and  roxinded  as  to  make  the  spaces  between 
appear  like  grooves.  On  the  base  of  M,  amoena  there  is  also  an  addi- 
tional keel,  and  the  uppermost  one  is  absent. 

Length  of  specimen  figured  9  miUim. ;  height  of  two  lower  whorls 
3  millim. ;  width  of  penultimate  whorl  2f  millim. 

Another  shell,  which  is  imperfectly  preserved^  and  of  which  the 
apex  is  broken  so  that  only  eight  whorls  remain,  measures  10  millim. 
in  length. 

Locality.  Law  Quarry,  Dairy ;  Craigenglen,  Campsie. 

Formation,  Shales  in  the  Lower  Limestone  Series. 

Mtjbchibonia  (Htpbbgohia)  elongata,  Portl.  (PL  XVII.  figs.  2, 3.) 
Mvrchisonia  elongata^  J.  E.  Portlock,  1843,  *Geol.  Kep.  on  London- 
derry,' p.  569,  pi.  xxxviii.  fig.  10  a,  6 ;  F.  M*Coy,  1844, '  Syn.  Garb. 
Foss.  Ireland,'  p.  42;  H.  G.  Bronn,  1848,  'Index  Pal.'  p.  747;  J. 
Morris,  1854, '  Cat.  Brit.  Foss.'  p.  259 ;  R.  Griffith,  1860,  Joum. 
Geol.  Soc.  Dublin,  vol.  ix.  p.  90 ;  J.  J.  Bigsby,  1878,  '  Thes.  Dev.- 
Carb.'  p.  325 ;  R.  Etheridge,  1888,  '  Foss.  of  Brit.  Islands,'  voL  i. 
Pal.  p.  301. 

Shell  elongated,  turreted,  composed  of  from  ten  to  twelve  whorls. 
Whorls  angular;  surface  nearly  flat,  both  above  and  below  the  angle. 
Sinual  band  situated  about  the  middle  of  the  body- whorl  and  a  little 
below  the  middle  of  the  upper  whorls  ;  it  is  narrow  and  bounded  by 
two  keeb,  generally  about  equal  in  strength,  but  sometimes  the 
lower  keel  is  more  strongly  developed  on  the  anterior  whorls.  Orna- 
mentation consisting  of  two  fine  keels  above  the  band  and  two 
stronger  ones  below,  with  one  or  two  finer  additional  keels  on  the 
body-whorl  and  occasionally  a  fine  thread  in  the  middle  of  the 
band.  Sutures  deep.  Lines  of  growth  fine,  distinct,  and  slightly 
irregular,  strongly  arched  on  the  band.  Base  convex.  Mouth 
unseen. 

^  '  Faune  du  Oalo.  Garb,  de  la  Belgique/  toL  viii.  pt.  4,  p.  22,  pi.  miT. 
figs.  32-^34. 

Q.  J.  G.  S.  No.  192.  2  b 
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This  species  has  been  erroneously  identified  by  Be  Koninck  with 
his  M.  Archtadana^  from  which  it  differs  by  its  much  smaller  size, 
greater  spiral  angle^  more  angular  form,  the  smaller  number  of  its 
keels,  and  also  their  greater  relative  strength.  He  evidently  con- 
founds M.  angulatay  Portl.,  with  M.  ehngata^  Portl.,  shells  which 
are  not  only  distinct  species,  but  which  he  also  considers  belong  to 
different  genera.  On  p.  67  he  identifies  the  former  with  Worthenia 
Waageni.  In  his  account  of  M»  Archiaciana  he  refers  to  the  figure 
of  M.  elongata  and  the  description  of  M,  angulata^  Portl. 

The  largest  specimen  in  the  Museum  of  Practical  Geology,  London, 
is  that  figured  by  Portlock.  There  are  only  eight  whorls,  as  the  apex 
is  imperfect.     Length  19  millim. ;  width  of  body- whorl  8 J  millim. 

Localities.  Bromard,  Braperstown ;  Ballynascreen,  Londonderry. 

Formation,  Lower  Carboniferous  Shales,  referred  by  Prof.  Hull 
to  the  Upper  Calciferous  Series.  

In  the  Museum  of  Practical  G-eology  there  is  a  shell  (PI.  XVUL. 
^,  6)  from  the  Calciferous  Sandstone  Series  of  Northumberland 
(marked  R.  106  with  a  red  line)  which  strongly  resembles  this  and 
is  probably  identical  with  it.  It  differs  slightiiy  in  ornamentation, 
having  a  fine  thread  between  the  sinual  band  and  the  lower  of  th& 
keels  on  the  upper  surface  of  the  whorl.  Also  the  upper  of  the  two 
keels  bounding  the  sinual  band  appears  to  be  more  prominent  than 
on  the  Irish  specimens.  The  shell  is  embedded  in  the  matrix  and 
only  about  eight  whorls  are  visible,  of  which  the  length  is  21^ 
millim. ;  width  of  penultimate  whorl  8  millim. 

Locality,  Eiver  Tweed,  a  quarter  of  a  mile  below  Coldstream 
Bridge. 

Formation,  Calciferous  Sandstone  Series. 

Section  CasLOCAirLTTs,  (Ehl. 

Shell  elongated,  whorls  smooth,  sinual  band  not  prominent,  sinus 
shallow.  Bistinguished  from  fformotoma  by  its  flattened  whorls, 
sutures  less  impressed,  and  above  all  by  the  existence  of  a  narrow 
but  very  deep  umbilicus.  Columella  quite  vertical,  peristome 
reflected. 

MUKOHISONIA  (C(ELOOAT7LT7S  ?)  TUEDIA,  Sp.  nOV.      (PI.  XVII.  fig.  7.) 

Shell  elongated,  conical,  composed  of  more  than  ten  compactly 
coiled  whorls.  Whorls  smooth,  somewhat  flattened  and  separated 
by  sutures,  but  slightly  inclined  from  the  horizontal.  Sinual  band 
nearer  the  anterior  than  the  posterior  suture,  level  with  the  surface 
of  the  whorls,  and  defined  by  a  very  fine  thread  on  each  side.  lines 
of  growth  strong,  curving  back  to  the  band  above  and  forwards 
again  below,  indistinct  on  the  band,  but  sufBicient  to  give  evidence 
of  a  somewhat  shallow  sinus.  Base  probably  flattened.  Mouth  un- 
known. 

I  refer  this  shell  to  the  Section  Ccelocaulus,  (Ehl.,  on  account  of 
its  compressed  whorlfii  and  flat  sinual  band.    As  the  mouth  and  base 

^  '  Faune  du  Oalc.  Oarb.  de  la  Belgique,'  voL  viii.  pt  4,  p.  16. 
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are  not  well  preserved,  it  is  nncertain  whether  it  possesses  the  other 
characteristics  of  Cceloeaulu^ — ^viz.,  the  narrow  umbilicus,  vertical 
columella,  and  reflected  peristome.  Its  compact  flattened  whorls 
distinguish  it  from  Hormotoma. 

It  is  quite  distinct  from  any  other  Carboniferous  species  in  Britain 
that  I  am  acquainted  with.  But  it  bears  a  strong  resemblance  to  the 
Silurian  forms  Terebra  (?)  sinuosa^  Salter,^  Turriulla  dngulata^ 
Hisinger/  and  Murehisania  Anna^  Billings.  It  is  evidently  closely 
allied  to  the  Devonian  shells  described  by  B.-P.  (Ehlert,  of  which 
Jf.  Davidsoni  *  is  the  type. 

Length  11^  millim. ;  width  of  penultimate  whorl  4|  millim. ; 
height  2^  millim. 

Locality,  There  are  only  two  specimens  in  the  Tate  Collection, 
Alnwick.  That  figured  is  from  Lewis  Burn,  the  other  from  Caw- 
hope. 

Formation,  Calciferous  Sandstone  Series. 

Section  Cebithioides,  Haughton. 

Shell  elongated,  conical,  whorls  slightly  convex,  smooth,  band  not 
raised  above  the  surface ;  base  flat,  grooved.  No  umbilicus.  Mouth 
probably  subrhomboidal. 

MxjBomsoNiA  (Ckrithioidhb)  telescopittx,  Haughton.     (PI.  XVII. 
figs.  1,  4,  5,  8.) 

Oerithioides  ieUscopium,  Bev.  Prof.  Haughton,  1859,  *  On  some 
Eossil  PyramidellidsB  from  the  Carb.  Limestone  of  Cork  and  Clonmel,' 
Proc.  Dublin  University  Zool.  &  Bot.  Assoc,  vol.  i.  pt.  iii.  p.  282, 
pL  XX.  figs.  2,  3, 4. 

?  Murchisonia  maxima^  L.  G.  De  Koninck,  1883,  *  Faune  du  Calc. 
Carb.  de  la  Belgique,'  vol.  viii.  pt.  4,  p.  26,  pi.  viii.  fig.  7. 

?  Glyptohasis  conica^  ibid.  p.  92,  pi.  viii.  figs.  4-6. 

Shell  large,  conical,  composed  of  more  than  nine  whorls.  Whorls 
smooth,  flattened,  slightly  convex,  the  lower  whorls  becoming  more 
convex  in  the  larger  specimens.  Sinual  band  wide,  situated  below 
the  centre  of  the  whorl,  very  slightly  sunk  below  the  surface,  bounded 
on  each  side  by  a  shallow  groove.  lines  of  growth  curving  back- 
wards to  the  band  above  and  forwards  again  below,  obscure  on  the 
band  itself.  Base  very  flat,  ornamented  by  numerous  spiral  lines 
alternately  strong  and  fine,  separated  by  grooves  which  become  gra- 
dually wider  towards  the  outer  margin.  Mouth  imperfectly  known, 
probably  subrhomboidal.     No  umbilicus.     Shell-stmcture  thin. 

This  shell  is  quite  distinct  from  any  British  species  with  which  I 
am  acquainted,  but  it  bears  a  strong  resembkmce  to  two  Belgian 
shells — namely,  Murehiaonia  maxima  and  Qlyptobasia  eonica,  De 
Koninck.     I  have  examined  the  specimens  of  these  in  the  Brussels 

^  Mem.  Geol.  Surr.  1848,  vol.  u.  pt  L  p.  867,  pi.  xiv.  fig.  2. 
>  '  Leth.  Suecioa,'  1837,  p.  39,  pi.  xii.  fig,  6. 
*  '  Oanad.  Nat  and  Geologist,'  toI.  iy.  1859,  p.  368,  flff.  8. 
Bull.  See.  d'Btudes  Scientiflquee  d'Angen,  1887,  p.  20,  pL  viL  figs.  4-4  d. 
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Museum,  and  they  are  so  much  alike  that  I  think  the  disoovery  of 
better-preserved  indiyiduals  would  most  probably  prove  them  to  be 
the  same  species.  There  is  only  one  of  Jf.  maxima,  the  surface  of 
which  is  very  imperfect,  and  the  shell  is  flattened  by  pressure.  The 
band  is  obscure,  but  seems  to  be  in  the  same  position  as  in 
Cerithioides  teUscopivm,  and  there  are  traces  of  grooves  on  the  base. 
Of  Glyptobasis  eomca  there  are  two  specimens,  both  badly  preserved 
and  more  or  less  contorted  by  pressure.  It  agrees  with  CeriMnAdes 
Uluoopivm  in  form  and  in  having  a  grooved  base,  but  there  is  no 
evidence  of  the  existence  of  a  sinual  band ;  this  band,  however,  is  so 
superficial  that  it  could  only  be  visible  on  well-preserved  sheUs. 

I  have  met  with  eight  specimens  of  this  species,  none  of  which 
are  entire.  Six  of  these  are  Irish,  and  they  are  all  more  or  less 
compressed.  I  am  indebted  to  Mr.  J.  Wright  for  the  loan  of  three, 
two  of  which  were  figured  by  Prof.  Haughton.  The  largest  (Fl. 
XYII.  fig.  5)  consists  of  about  five  and  a  half  whorls,  the  base  is 
en^bedded  in  the  matrix,  and  the  apex  is  broken.  Length  about 
94  millim. ;  width  of  body-whorl  one  way  47  millim.,  the  other 
40  millim.  A  smaller  specimen  (PI.  XYII.  fig.  4)  has  ten  whorls 
and  the  apex  embedded  in  the  matrix ;  it  is  figured  by  Prof.  Haugh- 
ton, and  has  a  length  of  67  millim.,  width  36  miUim.  The  other 
figured  by  Prof.  Haughton  has  only  two  and  a  quarter  whorls  in  a 
length  of  48  millim. 

Locality,  Near  Cork. 

In  the  Museum  of  Queen's  College,  Cork,  there  is  a  fragment 
consisting  of  two  and  a  half  whorls  from  Windmill  Quarry,  Cork. 

A  specimen  (PL  XYII.  fig.  1)  in  Trinity  College  Museum,  Dublin, 
has  eight  whorls  preserved ;  the  apex  is  broken,  and  the  sheU  is 
greatly  compressed,  so  as  to  make  the  sutures  appear  much  more 
oblique  than  they  would  be  in  the  natural  condition.  Length  70 
millim. ;  width  of  body-whorl  about  40  millim. ;  height  about  20 
millim.     Locality,  Little  Island,  Cork. 

There  is  a  large  specimen  of  about  nine  whorls  in  the  collection 
of  the  Geological  Survey,  Dublin.  Surface  badly  preserved.  Length 
87  millim.     Locality,  Xilgrogan,  Limerick. 

The  British  Museum  (Natural  History)  possesses  two  specimens  of 
this  species  which  are  not  contorted  by  pressure,  and  the  whorls  are 
slighdy  more  convex.  They  are  both  broken,  but  the  surface 
of  that  in  the  Gilbertson  Collection  is  well  preserved,  showing 
the  lines  of  growth  distinctly.  Neither  has  the  base  entire,  but 
one  is  so  fractured  across  the  top  that  the  impression  of  some  of  the 
grooves  on  the  base  of  a  higher  whorl  is  left  on  the  upper  part  of  the 
lower  whorl.  The  sheU  (PL  XYII.  fig.  8)  in  the  Gilbertson  Collec- 
tion has  part  of  four  whorls  preserved,  but  only  the  second  and  third 
are  entire.    Length  about  62  millim. 

Locality,  ThQ  specimen  in  the  Gilbertson  Collection  is  from  Bol- 
land ;  the  locality  of  the  other  is  unknown. 

IbrmoHon,  Carboniferous  Limestone. 
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EXPLANATION  OF  PLATES. 
Platb  XVI. 

Fig.  1.  Mwrckisonia  {Goniostropha)  Mbemioa,  sp.  nov.,  x  3.  Hook  Point, 
Wexford.    Miueum  of  SoieDoe  and  Art^  Dublin. 

Fig.  2.  N,  (G.)  Taiei,  sp.  noT.,  X  2.    Howiok.    Aluwiok  Museam. 

Figs.  S-d.  3f.  (Hi/ferffonia)  auadrioannaia,  M'Coy.  Fig.  3,  type,  X  4.  Black- 
lion,  Bnmskillen.  Museum  of  Scienoe  and  Art,  Dublin.  Fig.  4,  front 
Tiew ;  fig.  5,  back  yiew,  X  4.  Settle.  York  Museom.  Fig.  6,  X  8. 
Oraiffenglen,  Oampoe.    OoUection  of  Mr.  John  Young,  Glasgow. 

Fig.  7.  M.  (£l)  gtnn^uecarinatOt  De  Xon.,  Tar.  pulcAella,  x  5.  Law  Quarry, 
Dairy.    My  own  coUeotion. 

Figs.  8,  9.  M,  (H.)  conula,  De  Kon.,  var.  eonvexa.  Fig.  8»  nat  size ;  fig.  9, 
X  4.    Abbey  Foes,  Askrigg.    My  own  collection. 

Figs.  10-12.  Ji£.  (IT.)  pentoneruis,  sp.  noT.  Fig.  10,  back  Tiew,  x  3.  Fig.  11, 
front  Tiew,  X  3.  Fiff.  12,  fragment  showing  lines  of  growth,  x  4. 
Penton.    My  own  ooUeotion. 

Fig.  13.  M.  (H.)  Kirkbyi,  sp.  noT.,  X  4.  Banderstone,  Fife.  My  own  col- 
lection. 

Figa.  H  li!^*  M,  (H.)  plana,  sp.  noT.  Fig.  14,  back  Tiew,  x  8 ;  fig.  15,  front 
Tiew,  X  6.    Law  Quarry,  Dairy.    OoUeotion  of  Mr.  John  Young. 

Platb  XVII. 

FigB.  1,  4,5,  8.  Murehitonia  {CeritMoides)  teletcopium,  Haughton.  Fie.  l,baok 
Tiew,  nat.  size.  Little  Island,  Oork.  Trinity  Oollege  Sfuaeom, 
Dublin.  Fig.  4,  portion  of  a  shell  showins  mouth,  nat.  siae.  Fig.  5, 
back  Tiew,  nat  size.  Oork.  OoUeotion  of  Mr.  Joseph  Wright.  Fig.  8, 
back  Tiew,  nat.  size.  Bolland.  GHlbertson  OoUection,  British  Museum 
(Natural  History). 

FigB.  2, 3.  M.  {Hypergonia)  elongata,  PortL  Fig.  2,  back  view,  X  3.  Trinity 
OoUege  Museum,  Dublin.  Fig.  3,  front  Tiew  of  type,  X  3.  Dromard, 
Draperstown.    Museum  of  Practical  Gholoey,  London. 

Fig.  6.  M,  {6,)  dongaia  ?,  yar.,  X  2.  BiTer  TweedT  Museum  of  Practical 
Qeology,  London. 

Fig.  7.  M,  {C<Blocaulu8?)tuedia,  sp.  noT.,  X  3.  Lewis  Bum.  Alnwiok  Museum. 
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42,  Notes  on  the  Geology  of  the  Nobthern  Etbai.  Abridgment  of 
a  paper  by  Ernest  A.  Floter,  Esq.,  F.L.S.,  F.G.8.  (Read 
April  27th,  1892.) 

Bt  the  scientific  expedition  despatched  by  H.H.  the  Ehediye  in  the 
beginning  of  the  year  1891  the  whole  country  between  the  Red  Sea 
and  the  Nile,  and  between  Kos  and  Kosair  on  the  north  and  Assuan 
and  Berenice  on  the  south,  was  eramined  and  mapped  out.  Close 
attention  was  paid  to  the  geology,  for  a  study  of  which  special 
preparation  had  been  made,  and  the  simplicity  with  which  the 
formations  are  arranged  enables  a  fairly  correct  picture  to  be  drawn 
of  an  area  of  2300  square  miles,  although  the  time  given  to  its 
examination  extended  but  little  over  three  months. 

The  Map  which  accompanies  the  present  abridgment  shows  the 
principal  places  mentioned  in  the  text,  and  may  be  useful  to  any 
one  who  may  have  time  and  opportunity  to  visit  the  country. 

§  1.   KnriL-KoSAIR-BERENICB. 

The  principal  feature  is  a  long  ridge  of  igneous  rock  running 
N.N.W.  and  S.S.E.  In  this  ridge,  porphyry  at  times  rises  up  into 
lofty  peaks.  These  are  at  Jebel  Dukhan,  where  are  the  quarries  of 
the  '  imperial  red  porphyry  *  now  worked  by  Mr.  Brindley,  F.G.S. 
Next  southwards  come  the  porphyry  peaks  of  Hullus,  and  south 
again  the  peaks  of  Jebel  Ferayeg,  the  TrepTeMtrvXav  opos  of  Ptolemy. 
Between  these  peaks  the  ridge  is  lower,  granites  and  metamorphic 
rocks  alone  appearing.  The  ridge  runs  near  the  sea,  and  the  valleys 
on  the  east  are  short,  frequent,  and  deeply  eroded,  both  from  the 
more  frequent  rains  consequent  on  the  sea-moisture,  and  from  the 
slopes  being  steeper  on  the  eastern  than  on  the  western  flank. 
West  of  the  watershed  are  four  main  drainage-basins,  the  Zeidun, 
the  Abbad,  the  Ehareit,  and  the  Allaki,  which  last  reaches  the  NOe 
some  30  miles  south  of  Assuan. 

These  run  over  a  vast  bed  of  sandstone  which  dips  slightly 
to  the  west  and  to  the  north,  when  it  sinks  imdor  limestone.^ 
What  may  have  been  the  original  thickness  of  this  sandstone  it 
may  be  possible  to  conjecture  from  various  circumstances  which 
will  be  hereinafter  detailed,  but  it  would  seem  that  there  is  now  no 
great  thickness  of  it  left. 

Under  the  sandstone  comes  a  bed  of  blue  clay,  absent  or  very 
thin  in  the  south,  and  increasing  rapidly  in  thickness  northwards. 
This  blue  clay  may  represent  the  mica-slate  of  Jebel  Zabara  and 
the  slate-breccia  of  the  Kina-Kosair  road.  Under  the  blue  clay 
comes  a  grey  granitic  rock.     It  is  very  coarse-grained,  and  composed 

^  In  the  latitude  of  Kosair,  on  both  adee  of  the  ivaterahed,  is  seen  limestoDe 
bedded  oyer  sandstone  over  blae  day ;  nor  was  any  difference  obseryed  in  the 
sandstone  or  the  limestone  on  either  side  of  the  watershed. 
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almost  wholly  of  felspar  and  mica,  the  latter  mineral  causing  it  to  dis- 
integrate rapidly.  It  shows  often  dark  spots  and  patches  which  the 
Arahs  call  "  leprons  patches,"  and  which  are  caused  hy  a  large  pro- 
portion of  hornblende.  This  rock  forms  a  large  part  of  the  surface 
eaflt  of  the  watershed  to  the  south,  where  it  has  been  covered  only 
by  sandstone.  It  is  worn  into  caverns  and  potholes  and  into  large 
balls ;  it  peels  and  blisters  like  a  lump  of  dough.  All  authors  who 
have  written  about  this  country  have  noticed  it,  from  Strabo  down- 
wards, and  it  looks  so  much  as  if  it  had  been  subjected  to  the  action 
of  a  rushing  stream  that  Colston  writes,  '^  on  seeing  it  one  would 
say  there  had  been  a  cataract  here."  ^ 

The  lapis  psaronius  quarried  at  Jebel  Fatirah  is  jprobably  the 
same  rock  that  has  become  brighter  and  more  sparkling  by  a  larger 
proportion  of  quartz  and  hornblende  :  it  rises  up  into  great  pinnacles 
and  bosses  called  '  Mudarghag,'  some  of  them  1600  feet  in  relative 
height,  and  standing  in  a  mass  of  their  own  scalings ;  grey,  like 
those  of  Hamrat  Mukbud,  buff  like  Abu  Diab,  pink  like  Kodaboro, 
which  is  composed  almost  entirely  of  pink  felspar,  and  down  whose 
sides  streams  a  gravel  recalling  in  appearance  pink  snow.  Where 
this  '  cataract '  rock  touches  the  sandstone,  the  latter  is  metamor- 
phosed into  a  brilliant  green  crystalline  rock.  This  is  a  very  hand- 
some stone  at  the  mines  of  IJm  Eleagher,  near  Jebel  Abu  Dhaher. 

Below  the  ^  cataract '  rock  is  a  very  compact,  hard  granite,  of  ap- 
parently great  thickness.  This  does  not  often  come  to  the  surface, 
but  it  forms  the  principal  mountain-masses,  such  as  Abu  Erghiib, 
Aybariin,  Hamata,  Abu  Gurdi,  and  the  twin  peaks  of  Hamamid. 
It  is  close  by  the  huge  mass  of  Hamata  that  the  porph3rry  of  HuUus 
appears ;  the  rock  is  of  various  colours,  but  has  chiefly  a  dark  cho- 
colate matrix  with  small  quartz-grains.  There  are  other  colours : 
perhaps  the  most  noticeable  being  a  dear  sea-green  which,  when 
weather-worn,  has  a  purplish  surface  with  yellow  lights  something 
like  a  starling's  breast. 

§  2.  AssTJAir  TO  THE  Eed  Sea. 

On  leaving  Assuan  by  the  Bab  el  ^Ajjaj,  the  Pass  of  the  Sand- 
driving  Wind,  one  first  crosses  a  mass  of  crystalline  and  schistose 
rock  consisting  of  diorite,  dolerite,  and  syenite.  It  rises  gradually 
to  a  height  of  900  feet,  and  then,  at  the  Wadi  Allowi  (which  drains 
into  the  Ehareit),  it  falls  a  little  to  700  feet,  the  level  of  the  sandstone- 
plain. 

Beyond  this  mass  of  rock  the  flat  desert  rises  regularly  and  almost 
imperceptibly  to  the  east.  The  surface  is  furrowed  by  long  ridges 
of  sandstone  with  horizontal  bedding  running  from  N.W.  to  SJE. 
and  ranging  from  200  to  600  feet  of  relative  height.  Here  is  petri- 
fied wood  similar  to  that  found  outside  Cairo. 

Up  the  broad  Ehareit  valley,  at  the  foot  of  the  Jebel  Mikbia,  a 
cluster  of '  cataract'  boulders  wUl  be  readily  recognized  by  the  name 

^  '  Beoonnaissanoe  from  Berenioe  to  Berber/  Bull.  Soc  Ehed.  Geogr.  1878. 
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of  *  Stonehonge'  given  them  by  the  Ezpedition.  Here,  at  1550  feet 
above  sea-level,  is  the  edge  of  the  sandstone-plain.  The  '  cataract ' 
rock  swells  and  bulges  up  through  the  rapidly-thinning  metamor- 
phosed edge  of  the  sandstone. 

The  Mikbia  'divide'  is  the  'cataract'  formation,  rising  at  a 
gradually  increasing  angle,  till  at  2450  feet  it  is  perpendLoular. 
Following  the  Wadi  Mikbia  to  the  east,  the  line  passes  through  a 
great  variety  of  vertical  schists,  and  finally  a  plain  of  '  cataract ' 
rock  slopes  right  down  to  the  sea,  where,  just  at  the  edge,  are  two 
recent  sandstone  and  limestone  banks,  and,  in  the  sea  itself,  coral 
supporting  mangrove  forests. 

Abu  Gurdi  is  a  huge  truncated  cone  of  compact  granite  which 
deflects  the  eastward  drainage  to  the  north.  It  is  surrounded  by 
vertical  schists  and  a  mass  of  schistose  rocks  in  thin  layers  inclined 
at  every  angle  with  the  horizon.  But  seawards  these  schists  give 
way  to  '  cataract '  rock.  East  of  the  watershed  for  60  miles  to  the 
north,  *  cataract '  rock,  with  ridges  of  vertical  schists  and  a  narrow 
fringe  of  recent  limestones  and  sandstones,  is  a  brief  geological 
description  of  the  country. 

§  3.  The  Wabi  Jehal  Area. 

The  catchment-basin  of  the  Wadi  Jemal  is  the  next  matter  for 
description.  Approaching  from  the  sea  the  tail  porphyry  peaks  of 
Hullus,  the  cliff  is  seen  to  rise  steeply  for  2000  feet  and  abruptly 
for  1000  feet  more.  Climbing  (if  it  were  possible)  over  these  peaks, 
which  rise  to  a  height  of  4500  feet,  the  traveller  drops  into  a  deep 
ravine  running  north-west,  at  the  source  of  which  are,  since  many 
generations  of  mankind,  the  broad  shady  trees  and  well-fed  cattle  of 
the  patriarchs  Abdullah  and  Koraim. 

From  east  to  west  the  ridge  is  only  six  miles  across,  and  the  descent 
from  the  western  cliff  by  the  Helgeit  Pass  is  but  little  less  steep  than 
the  eastern  cliff.  The  ridge  of  igneous  rock  is,  as  has  been  said, 
hoUow-backed  between  the  porphyry  peaks.  The  Arab  simile  is  apt, 
— a  camel-saddle.  'At  Hullus,  in  the  Httle  craggy  ravine  from  which 
arises  the  Wadi  Jemal,  are  some  highly  picturesque  caverns  and  clefts 
in  the  rugged  cliiis. 

The  Wadi  Jemal,  a  fissure  between  the  porphyry  on  the  east  and 
the  metamorphosed  sandstone-edge  on  the  west,  runs  north-west  for 
the  first  six  miles,  curving  round  the  broad  base  of  the  granite  peak 
of  Hamata,  known  in  A.n.  800  as  the  '  Xarkashenda,'  the  huge 
mountain  south  of  the  Emerald  Mines.  It  is  here  (in  the  Wadi 
Jemal)  that  sandstone  metamorphosis  can  be  seen  in  every  stage. 
Hie  Wadi  Hullus,  which  becomes  the  Jemal  in  its  lower  course, 
bends  to  the  west  after  running  twenty  miles.  But  the  traveller 
mounts  to  his  right  (the  porphyry  wall  has  long  disappeared)  over  a 
low  *•  divide'  and  enters  the  Wadi  Burunkat,  which  forms  a  chord  of 
the  arc  of  the  Jemal,  into  which  it  falls  in  latitude  24°  35'  N.  Here 
it  meets  the  Nugrus,  Hafafit,  and  Sikait  coming  from  the  north-west, 
and  all  form  a  fine  well-timbered  valley,  which  has  carried  so  much 
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detiituB  in  floods  that  at  its  mouth  a  considerable  island  has  formed. 
For  the  Wadi  Jemal  forms  a  depression  within  a  depression — a  fold, 
88  it  were,  in  the  hollow  of  the  camel-saddle. 

.In  the  ktitnde  of  the  Emerald  Mines  the  ridge  is  very  low.  Con- 
sequently the  westward  dip  of  the  sandstone  is  very  slight.  It  is 
here  that  the  sandstone  lies  over  blue  clay,  and  the  slight  angle 
formed  with  the  horizon  makes  what  ia  apparently  a  bed  of  great 
thickness  spread  out  over  some  miles  of  surface  firom  which  the 
sandstone  has  been  denuded.  On  this  line  may  be  seen  every  kind 
of  change  in  the  blue  day :  from  the  blue  clay  full  of  ferruginous 
nodules  which  is  seen  in  the  cliffs  of  Natash  and  Shaid,  it  changes 
eastward  into  mounds  of  laminated  clay  or  slate.  Then  follows 
the  pistachio-breccia  (described  as  a  volcanic  breccia)  where  the 
topazes  are  found,  and  then  the  mica-schist,  mica-slate,  and  talcose 
blue  clay  of  the  mass  of  Zabara  where  the  emeralds  are  found, 
while  farther  north  it  merges  into  the  hard  slate-breccia  of  the  road 
between  Eina  and  Xosair. 

§  4.  The  Wadis  Abbad,  Shaid,  and  Natash. 

Between  the  24th  and  25th  parallels  the  edge  of  the  sandstone- 
plateau  lies  near  the  34th  meridian.  On  the  east  it  stands  200-300 
feet  above  the  blue  day,  and  it  slopes  down  rather  rapidly  to  the  west. 
The  two  Wadis,  Shaid  and  Natash,  which  have  cut  through  this  edge, 
have  dearly  percolated  through  the  blue  clay  which  shows  in  the  cliffs 
from  50  to  1 00  feet  above  the  bed,  generally  obscured  by  great  boulders 
of  sandstone  which  have  fallen  from  the  cliffs  on  either  side.  The 
thickness  of  the  blue  clay,  if  it  be  not  folded  at  Zabara,  may  be  esti- 
mated by  the  height  of  that  mountain,  which  seems  to  be  formed  of 
it  from  top  to  bottom,  at  about  1200  feet.  Between  the  sandstone- 
edge  on  the  34th  meridian  and  the  mass  of  Zabara  are  two  north- 
west and  south-east  ranges  converging  to  the  north,  and  called 
Nugrus  and  Hafafit.  These  seem  to  be  the  sandstone  metamorphosed, 
and  may  indicate  the  thickness  of  that  formation  at  1000  feet. 

These  ranges  at  their  northern  end  nearly  join  the  metamorphic 
mass  of  Mijif  in  lat.  24^  50'.  Hence  northwards  the  crest  is 
'  cataract '  rock,  and  the  characteristic  feature  of  it  is  the  great 
bosses,  prindpally  of  felspar,  which  rise  along  it,  as  Abu  Diab,  Ko- 
daboro,  Um  Nagad,  Sabai,  and  Abu  Tiur. 

To  the  east  the  ^  cataract '  granite  sinks  under  the  blue  day,  here 
found  in  every  kind  of  metamorphosis  from  a  dark  grey  or  black 
schist  to  laminated  clay  and  slate  full  of  quartz-veins,  which  at  Um 
Bus  have  been  extensively  worked  for  gold. 

The  Wadi  Abbad  was  not  followed  to  its  junction  with  the  Nile  at 
Edfu,  so  the  line  where  the  sandstone  sinks  under  or  meets  the  lime- 
stone was  not  accurately  determined.  But  at  the  Eoman  station  of 
Abu  Gerayeh  (lat.  25°  18'  N.,  long.  34°  8'  W.)  pockets  or  isolated  out- 
crops of  limestone  occur  in  the  sandstone,  and  have  been  used  by  the 
builjders  to  cement  the  large  burnt-brick  tanks  which  collected  water 
for  the  station.     North  of  Abu  Tiur  the  *  cataract '  rock  sinks  bdow 
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the  metamorpliosed  blue  day  which,  between  Kina  and  Koeair,  is 
bare  on  the  crest ;  rising  from  under  sandstone  under  limestone  on 
the  west  and  sinking  on  the  east  under  sandstone  under  limestone ; 
nor  is  there  any  apparent  difference  in  the  sandstone  on  either  side 
of  the  crest,  though  the  samples  have  not  yet  been  examined  micro- 
scopically. The  '  cataract '  rock  sinks  at  Abu  Tiur,  and  it  seems 
very  probable  that  it  reappears  in  the  Jebel  Fatirah  quarries  in 
latitude  26°  60'  N.  To  the  north  of  the  east-and-west  depression 
of  Kina-Kosair  the  ridge  rises  from  1400  to  1800  feet,  and  the 
masses  along  the  western  portion  of  it  are  uniformly  metamorphic 
sandstone.  Nor  does  any  igneous  rock  appear  till  the  porphyry 
quarries  of  Mr.  Brindley  are  reached  in  latitude  27°  20'  N.,  where 
are  three  parallel  lines  of  upthrust,  counting  from  the  west :  IJm 
Sidra  and  Jebel  Dukhan  {Mon8  Porphyritii),  Jebel  Aish,  and  Jebel 
Zeit  close  to  the  sea,  where  petroleum  pools  are  found  in  what  is 
apparently  a  deposit  of  immense  thickness  of  Miocene  limestone. 

§  5.  Points  to  bs  examiited. 

It  is  interesting  to  compare  the  sections  west  of  the  Bed  Sea  with 
the  geological  map  by  Walther  of  the  Sinai  peninsula.  A  section 
drawn  from  Walther's  map  between  the  28t5i  and  29th  parallels 
would  give  first  the  fringe  of  recent  coral,  then  the  '  stock-granit ' 
which  corresponds  to  the  *  cataract '  rock ;  over  this  comes  the 
Nubian  Sandstone,  and  over  this  the  limestones. 

Before  quitting  the  general  geological  survey  mention  must  be 
made  of  two  points  on  which  imperfect  geological  knowledge  debars 
the  Author  from  expressing  an  opinion,  but  which  seem  to  be  of 
considerable  interest  to  geologists. 

The  first  question  relates  to  the  great  Eocene  sea  drawn  by  that 
eminent  geologist  Prof.  Hull.  It  seems  a  most  interesting  matter 
for  future  travellers  to  examine  whether  the  Eocene  sea  did  not 
stretch  across  to  Arabia.  For,  unless  the  observations  are  mistaken, 
the  ridge  has  in  latitude  23°  N.  been  thrust  through  the  sandstone 
which  spreads  both  east  and  west  of  the  watershed. 

Another  question  of  interest  is  what  is  the  history  of  the  blue 
clay  which  lies  under  the  sandstone,  and  of  which,  so  feir  as  the 
Author  has  been  able  to  ascertain,  no  mention  has  been  made  pre- 
viously. 

A  Pluvial  epoch  is  thought  necessary  by  some  to  account  for  the 
erosion  of  the  valleys,  but  from  an  examination  of  the  valleys  the 
Author  inclines  to  the  opinion  of  Prof.  Schweinfurth  that  they  do 
not  require  for  their  erosion  more  rain  than  falls  to-day. 


§  6.  The  Emebald  Mikes. 

f^  The  Emerald  Mines  cover  some  forty  square  miles  of  valley  and 
mountain,  and  much  resemble  a  large  rabbit-warren.  From  count- 
less holes  in  every  dark  hillside  pour  streams  of  silvery,  powdered 
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mica.  The  hills  are  some  1200  feet  in  relative  height,  and  formed 
of  talcose  sdust,  tortaously  bedded,  with  quartz  and  limestone-veins 
and  masses  of  tuff.  The  principal  old  shs^ts  are  on  the  south,  while 
the  modem  borings  of  1820  are  on  the  north.  There  are  perhaps 
500  to  800  shafts,  and  buildings  still  represent  the  various  periods 
of  working  from  b.c.  20,  if  not  earlier,  to  a.d.  1526,  when  the 
emerald  mines  of  South  America  outstripped  those  of  Egypt  in 
producing  the  gem. 

Discussion. 

The  CHAiBiCAir  (Prof.  Judd)  expressed  his  regret  at  the  absence 
of  the  Author^  and  invited  discussion  on  the  paper. 

Prof.  Hull  observed  that  he  felt  great  reluctance  to  criticize 
adversely  a  paper  in  the  absence  of  its  Author,  but  there  were 
several  points  in  Mr.  Ployer's  communication  he  could  not  agree 
with,  the  chief  of  which  was  the  view  of  the  Author  that  the  Nubian 
Sandstone  had  been  converted  by  a  process  of  metamorphism  into 
granite,  owing  to  its  contact  with  porphyry  and  with  the  igneous  rocks 
of  the  ridge  bordering  the  Eed  Sea  coast.  Nearly  all  observers 
were  of  opinion,  in  which  he  (Prof.  Hull)  concurred,  that  the  igneous 
and  granitoid  rocks  of  this  ridge  were  of  immense  geological  anti- 
quity, in  all  probability  of  Archaean  age,  and  as  the  Nubian  Sand- 
stone was  of  Cretaceous  age  there  could  be  no  possible  effect  pro- 
duced on  the  latter  by  contact  with  the  former.  The  breccia  and 
conglomerate  found  at  the  base  of  the  Nubian  Sandstone  were  in 
reality  a  littoral  deposit — derived  from  the  waste  of  the  ArchsBan 
rocks. 

Mr.  Floyer's  *  blue  day '  the  speaker  regarded  as  probably  decom- 
posed schist  of  the  Archsean  series,  and  he  could  have  wished  that 
the  Author  had  given  more  precise  information  concerning  the 
occurrence  of  the  emeralds  than  was  given  in  his  paper. 

In  conclusion,  the  speaker  did  not  see  any  reason  for  abandoning 
the  view  which  he  had  arrived  at  from  his  observations  in  Arabia 
Petrsea  and  Southern  Palestine,  namely,  that  the  formation  of  the 
remarkable  dry  valleys  in  this  part  of  the  world  could  only  be 
accounted  for  on  the  supposition  that  at  a  former  period  the  rainfall 
and  resulting  streams  had  been  greatly  in  excess  of  those  of  the 
present  day,  and  this  Pluvial  period  he  believed  to  have  represented 
the  Glacial  period  of  more  northern  latitudes. 

Prof.  Lb  Neve  Eosteb  complained  of  the  absence  of  specimens, 
and  said  that  it  was  impossible  to  discuss  the  paper  without  them. 
He  regretted  that  a  paper  on  emerald  mines  contained  so  little  in- 
formation about  the  mode  of  occurrence  of  the  mineral. 

Mr.  Ettdleb  explained  that,  although  no  specimens  were  exhibited 
in  illustration  of  the  paper,  he  had  had  ^n  opportunity,  some  time 
ago,  of  seeing  the  specimens  brought  from  the  Emerald  Mines  by 
Mr.  Floyer.  The  rock  representing  the  matrix  of  the  emerald 
appeared  to  be  a  biotitenschist,  more  or  less  talcose.  Mr.  Floyer 
had  obtained  two  crystals  of  emerald,  which  were  attached  to  quartz. 
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apparently  from  a  vein  in  the  mica-Bcliifit.  The  mode  of  occnrrenoe 
of  the  emeralds  of  the  Etbai  waa  somewhat  similar  to  that  of  the 
emeralds  of  Siberia  and  of  Salzburg,  where  the  mineral  was  asso- 
ciated with  mica-Bchist,  while  it  was  entirely  different  from  that  of 
the  South  American  emerald,  which  occurred  in  a  bituminous  lime- 
stone, supposed  to  be  of  Neooomian  age. 

Mr.  J.  W.  Gbbgoby  said  that  Mr.  Floyer  was  probably  using  the 
term '  Nubian  Sandstone '  in  its  old  sense,  including  a  series  of  sand- 
stones from  the  Cenomanian  to  the  Carboniferous.  He  suggested 
that  it  was  possible  that  the  rock  which  Mr.  Floyer  regarded  as 
altered  Nubian  Sandstone  might  be  much  older  than  the  base  of  that 
series  in  Prof.  Hull's  diagram,  which  possibly  represented  anotiier 
tract  of  country. 

Dr.  Blahfobb  also  spoke. 
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43.  On  a  New  Eeptile  from  Wbltb  Vbeden  (Bbaupobt  West), 
EuNOTosATTBUs  APBICANT78  (Seblby).  By  H.  G.  Sbblby,  Esq., 
r.RS.,  F.L.S.,  F.G.8.,  Professor  of  Geography  and  Lecturer  in 
Geology  in  King's  College,  London.    (Bead  June  22nd,  1892.) 

Whbf  I  visited  Welte  Vreden,  near  Beaufort  West,  Cape  Colony, 
in  Angost  1889,  Mr.  L.  Pienaar  gave  me  a  small  ovate  concretion 
which  contained  the  dorsal  region  of  a  new  reptile.  As  preserved  it 
is  7*5  centimetres  long  and  5*75  centimetres  wide. 

It  shows  on  the  ventral  aspect  the  under  surfaces  of  seven  con- 
secutive dorsal  vertebrsB.  These  centrums  are  more  slender  and 
elongated  than  in  any  South  African  fossil  previously  known.  They 
decrease  in  length  from  front  to  back.  The  first  (which  may  be  thie 
first  dorsal)  is  fully  1*25  centim.  long,  while  the  seventh  is  0*75 
centim.  long,  and  is  probably  the  last  dorsal  or  lumbar  vertebra, 
since  the  pubis  is  found  immediately  behind  it.  These  vertebrse  in 
form  and  number  suggest  the  Chelonian  type.  They  are  of  an 
elongated  hour-glass  form,  and  relatively  longer  than  in  Teleosaurs. 
The  centrum  appears  to  be  hollow,  but  this  condition  is  probably  the 
effect  of  deep  penetration  of  the  conical  notochordal  substance,  as  in 
Mesosaurus,  and  the  vertebr»  referred  by  Sir  E.  Owen  to  Taptno- 
eepJuilus.  A  conical  cavity  penetrates  the  posterior  end  of  the 
sixth  centrum,  and  apparently  the  anterior  end  of  the  first,  so  that 
the  constriction  in  the  middle  length  of  the  centrum  is  due  to  the 
tapering  away  of  these  conical  cups.  The  articular  faces  are  not 
exposed,  but  are  inferred  to  be  approximately  circular,  and  the 
under  surface  of  the  centrum  is  rounded  from  side  to  side.  Jn  the 
seventh  vertebra  a  slight  lateral  widening  is  seen  in  front,  towards 
the  neural  arch.     (See  ^.  1,  p.  584.) 

The  neural  canal  is  fairly  large  and  rather  wider  than  high,  but 
is  only  exposed  by  fracture  of  the  neural  arch  on  the  dorsal  surface. 
There  is  no  indication  of  such  transverse  expansion  of  the  neural 
arch  as  is  seen  in  the  Pareiasauria  and  Mesosauria,  so  far  as  can  be 
judged  from  the  bony  tissue  preserved.  The  neural  spine  is  com- 
pressed as  shown  in  the  first  vertebra,  but  there  is  no  evidence  of  its 
length.  There  is  no  satisfactory  evidence  that  transverse  processes 
were  developed ;  and  the  ribs  were  certainly  attached  closely  to  the 
sides  of  the  neural  arches,  much  as  in  Chelonians,  but  apparently 
more  widely  along  the  side  of  the  arch. 

The  ribs  are  remarkably  massive.  They  are  long  and  convexly 
curved,  deep  and  convex  from  side  to  side  in  the  proximal  ventral 
portions,  which  are  only  exposed  obliquely  on  the  posterior  aspect 
where  the  ribs  are  crushed  downward  and  forward.  Above  this 
powerful  support  there  is  a  thin  plate  which  extends  beyond  the 
infiated  inferior  portion  of  the  rib,  so  as  to  give  an  antero-posterior 
extent  of  about  1  centimetre.  Hence  the  ribs  appear  to  be  as  wide 
as  the  vertebrsB  are  long.    This  expanded  superior  layer  is  broken 


Digitized  by  VjOOQ IC 


Fig.  1. — Ventral  aspect  0/ EunotosauruB. 


Natural  sue.    p^  0%  pubis ;  and  yertebrsB. 


Fig  2. — Dorsal  aspect  of  Eunotosanrus. 


Natural  size.    Vertebrae  and  ribs. 
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away  from  the  bone  beneath  in  places,  but  there  is  no  proof  that  it 
is  a  separate  ossification.  Some  approach  to  this  type  of  rib  is  seen 
in  Oratasomus  from  the  Gosau  Bedb.^  Still,  as  the  centrums  have  a 
Chelonian  aspect,  it  is  interesting  that  the  ribs  should  also  simulate 
the  ribs  and  costal  plates  of  Chelonians.  But  they  were  clearly  free 
at  their  margins,  and  rather  resembled  the  ribs  of  certain  Edentata, 
like  Cycloihwrus^  in  their  superior  aspect.  The  ribs  are  about  5 
centimetres  long.  There  are  one  or  two  wide  thin  bones  in  the  ven- 
tral cavity  which  have  the  aspect  of  being  sternal  ribs,  or  their 
representatives.  And  although  there  is  no  proof  that  they  are 
correctly  identified,  the  possibility  of  such  ossifications  being  present 
is  worth  recording,  as  it  might  be  a  farther  approximation  towards 
the  Chelonian  type.  Nevertheless,  too  much  importance  may  be 
attributed  to  such  characters,  unless  it  is  remembered  that  the 
specimen  affords  no  proof  that  the  whole  of  the  dorsal  vertebrsB  are 
preserved. 

At  the  posterior  ventral  extremity  is  the  left  ob  pubis  (see  fig.  1), 
a  flattened  bone  of  moderate  size,  thin,  rather  longer  than  wide, 
with  a  notch  at  the  external  posterior  border,  which  recalls  the  con- 
dition of  the  bone  in  various  Mesosauria.  At  the  right  hinder  comer 
of  the  specimen  are  fragments  of  two  parallel  slender  oylindroid 
bones  which  may  be  parts  of  the  tibia  and  fibula. 

From  the  fragmentary  condition  of  the  remains,  it  seems  to  me 
inexpedient  to  determine  absolutely  the  systematic  position  of  the 
genus.  Every  character  preserved  differs  from  those  of  South 
AMcan  fossils  hitherto  known,  with  the  exception  of  the  imperfect 
pubis.  This  bone  strongly  suggests  that  the  specimen  is  referable 
to  the  Mesosauria,  in  which  it  is  likely  to  be  placed,  in  a  division 
distinct  from  the  Proganosauria. 

In  conclusion  I  would  express  my  thanks  to  the  Committee  of  the 
Government  Grant  Eund  of  the  Eoyal  Society,  for  assistance  in 
making  this  investigation. 

^  Quart  Joum.  GJeol.  Soc.  vol.  xxxvii.  (1881)  pi.  xinrii.  fig.  18. 
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44.  The  Mbsobauria  of  South  Afbica.  By  H.  G.  Seelet,  Esq., 
F.K.S.,  r.L.S.,  r.G.S.,  Professor  of  Geography  and  Lecturer  in 
Geology  in  King's  College,  London.     (Bead  Jnne  22nd,  1892.) 

[Plate  XVIII.] 
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§  1.   IWTBODTJCTION. 

Prof.  Geeyais  in  1865  described  under  the  name  Mesosaurw  tewui- 
dens  the  remains  of  a  small  reptile  from  Griqualand,  South  Africa, 
which  had  been  brought  to  France  more  than  thirty  years  before. 
It  is  preserved  in  a  slab  which  shows  the  skull  and  anterior  portion 
of  the  skeleton.  As  with  other  vertebrate  remains  firom  South 
Africa,  its  exact  geological  age  is  unknown.  The  author  states  ^ 
that  the  animal  was  a  little  larger  than  the  Ocellated  Lizard,  and 
has  many  affinities ;  resembling  in  some  characters  terrestrial  types 
of  reptiles,  while  in  other  characters  it  approaches  Simosaurians  and 
Plesiosaurians.  Its  cervical  vertebrsB  have  some  resemblance  to 
those  of  Crocodiles.  The  lower  jaw  recalls  in  a  general  way  Croco- 
diles and  Plesiosaurs.  The  dorsal  vertebrsB  are  rather  elongated 
and  comparable  to  those  of  Homodosaurians  and  of  Teleosaurs.  The 
ribs  are  stronger  than  in  any  known  reptile  except  Pachypleuray 
and  are  arranged  as  in  that  genus.  They  have  much  the  same  relsr 
tion  to  the  ribs  of  other  reptiles  that  the  ribs  of  Sirenians  have  to 
those  of  other  mammals.  The  sternal  ribs,  identified  by  Cope,  were 
regarded  as  annelid  tracks.  The  scapular  arch  is  compared  to  those 
of  Crocodiles  and  Plesiosaurs ;  but  the  scapula  and  coracoid  are 
anchylosed.  The  humerus  is  that  of  a  Plesiosaur  or  Simosaur,  with 
an  ent-epicondylar  perforation,  like  that  seen  in  Varanus  and 
certain  mammals.  The  forearm  and  hand  are  of  less  aquatic  type 
than  in  Plesiosaurs,  and  approach  the  terrestrial  type ;  but  the  ulna, 
unlike  that  of  terrestrial  reptiles,  has  no  olecranon.  The  animal  is 
compared  to  Lariosawms,  Mdchrimosaurus,  and  Pachypleura^  but  is 
distinguished  from  them  by  the  form  of  the  head,  the  teeth  (which 
are  exceptionally  long),  and  the  number  of  cervical  vertebrs,  which 
were  stated  to  be  seven,  with  two  which  are  intermediate  in  cha- 
racter between  the  cervical  and  dorsal. 

*  Qervaia,  *  Zoologie  et  Pal6ontologie  Gto6rale»/  1867-69,  p.  223^  pL.xliL 
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§  2.   ThB  EiMBBBLEY  specimens  op  MeSOSAITBXTS  PLE1TR0GA6TER. 

Many  years  passed  without  further  evidence  of  Mesosawrus,  But 
about  1878  Mr.  G.  H.  Lee,  F.R.M.S.,  of  Kimberley,  obtaioed  from 
the  shale  at  the  margin  of  the  Kimberley  Diamond  Mine  some 
specimens,  which  were  partially  figured  by  Mr.  J.  W.  Matthews  in 
his  '  Incwadi  Yami  *  in  1887.  In  1878  these  four  specimens,  which 
were  all  that  were  collected,  were  deposited  in  the  British  Museum. 
Two  display  the  characters  of  the  lower  dorsal  and  lumbar  vertebrae, 
the  dorsal  ribs  and  abdominal  ribs ;  the  third  fragment  shows  some 
characters  of  early  caudal  vertebras,  and  the  hind  foot,  which  lies 
towards  them ;  the  fourth  specimen  belongs  to  the  middle  region 
of  the  tail.  There  are  slight  differences  in  the  relative  sizes  of 
the  bones  in  the  several  slabs,  and  differences  in  the  colour  and 
hardness  of  the  marly  matrix,  so  that  the  remains  may  be  portions 
of  more  than  one  individualy  but  I  have  no  doubt  that  they  are  all 
referable  to  one  species. 

They  show  that  Mesomurus  was  a  long-tailed  reptUe,  with  hind 
limbs  well  developed.  The  remains  are  not  easily  compared  with 
the  type  in  Paris,  which  is  in  a  very  dark  hard  matrix ;  but  they 
add  materially  to  our  knowledge  of  the  genus,  and  are  now  described 
under  the  numbers  in  the  British  Museum  Catalogue. 

No.  1. — 49972.  Presented  by  Wm.  Benstead  Smith,  Esq.,  Regis- 
trar of  Kimberley  Mine.  This  specimen,  found  \  mile  S.E.  of  Market 
Square,  Kimberley,  in  January  1878,  is  a  natural  mould  in  pale 
whitish  calcareous  shale,  from  which  the  bones  have  disappeared. 
The  late  Mr.  Wm.  Davies  placed  with  it  a  plaster-of-Paris  impression 
which  exhibits  the  forms  of  the  bones  in  natural  relief.  It  shows 
the  ventral  aspect  of  the  bodies  of  eleven  vertebrae,  eight  of  which 
carry  ribs ;  the  last  three  show  no  trace  of  ribs,  and  may  therefore 
be  lumbar. 

The  bodies  of  the  vertebrae  are  not  in  close  contact,  but  separated 
by  narrow  intervertebral  spaces.  Each  centrum  is  6  millimetres 
long.  Its  form  is  semicylindrical,  being  convex  from  side  to  side, 
without  the  slightest  concavity  in  length.  On  the  contrary,  the 
articular  faces  are  a  little  contracted,  and,  on  the  evidence  of  one  dis- 
placed centrum,  are  characterized  by  a  subconical  articular  cavity 
penetrating  into  the  centrum  for  fully  a  third  of  its  length.  The 
neural  canal  is  wide,  concave  below,  and  angular  above.  The  inter- 
vertebral perforations  for  the  nerves  are  inferior  in  position  to  the 
transverse  tubercles  from  the  neural  arch.  These  tubercles  increase 
the  width  of  the  vertebrae,  as  exposed,  to  about  1  centimetre. 

The  ribs,  4  centimetres  long,  are  strongly  curved  in  the  proximal 
part,  and  less  curved  distally,  where  they  become  cylindrical  and 
thicker,  being  fully  3  millimetres  wide.  In  the  proximal  third  the 
rib  is  less  than  2  millimetres  thick,  so  that  it  is  there  flattened  from 
below  upward ;  and  its  small  articular  extremity  bends  a  little 
forward.  The  measurement  over  the  two  extremities  of  the  dorsal 
ribs  is  3  centimetres.  The  length  of  the  posterior  ribs  diminishes, 
so  that  the  last  is  only  1*5  centimetre  long,  and  the  distal  ends  of 

Q,J.G.B.  ^0.192.  2  b 
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the  last  four  terminate  in  the  same  transverse  line,  showing  that  the 
vertebrae  behind  them  are  lumbar.  The  massive  cylindrical  character 
and  small  head  are  the  most  distinctive  features  of  the  rib. 

Delicate,  curved,  flattened,  fusiform  ossifications  extend  trans- 
versely over  the  ventral  interspaces  between  the  ribs,  as  well  as 
beneath  some  of  the  ribs,  and  beneath  the  centrums  of  some 
vertebrsB.  These  are  the  abdominal  libs.  They  are  five  or  six  times 
as  numerous  as  the  costal  ribs,  and  are  composite,  joining  each  other 
by  squamous  overlap  or  contact,  so  as  to  form  a  ventral  armour 
like  that  seen  in  the  abdominal  ribs  of  certain  Plesiosaurs,  with 
a  median  riblet  and  two  lateral  elements  on  each  side.  The 
middle  bones  are  7  millim.  long. 

No.  2. — 49971.  Presented  by  Maurice  Marcus,  Esq.,  from  Mining 
Board  Gutting,  50  feet  deep ;  100  feet  from  the  eastern  margin  of 
Kimberley  Mine,  March  1878. 

This  is  a  natural  mould  of  the  dorsal  region  which  exposes  the 
dorsal  aspect  of  the  corresponding  portion  of  a  similar  but  slightly 
larger  animal ;  for  while  seven  vertebreB  in  No.  1  measure  4*7  centi- 
metres, seven  vertebrse  in  this  specimen  measure  5'5  centimetres. 
But  there  is  no  difference  in  the  character  of  the  vertebrae  and  ribs. 

Eight  vertebrsB  with  their  ribs  are  exposed  in  sequence,  and  the 
flattened  filamentous  abdominal  ribs  are  seen  between  the  costal 
ribs,  admirably  preserved.  This  armour  is  quite  unlike  that  attri- 
buted to  Mesosaurus  tenuidens,  and  may  indicate  another  species. 

The  neural  arch,  seen  from  above,  has  a  wide  subquadrate  form ; 
it  is  6  millimetres  long  and  1  centimetre  wide,  but  the  width  becomes 
less  in  the  hinder  vertebrae.  It  is  slightly  wider  in  front  than 
behind.  The  dorsal  surface  is  divided  into  two  lateral  subhorizontal 
areas,  which  are  convex  from  back  to  front,  by  a  very  thin  neural 
spine,  which  was  vertical,  compressed  to  a  sharp  edge  anteriorly  and 
posteriorly,  and  appears  to  have  been  low. 

Laterally  the  neural  arch  of  each  vertebra  gives  off  a  strong 
tubercle.  It  is  subcorneal,  compressed  from  above  downward, 
placed  well  below  the  level  of  the  neural  platform,  towards  the 
anterior  end  rather  than  in  the  middle  of  the  side  of  the  vertebra. 
These  tubercles  extend  the  width  of  the  arch  for  2  or  3  millimetres 
on  each  side  in  the  earlier  vertebrae,  but  they  appear  to  be  slightly 
shorter  and  slightly  lower  in  position  in  the  last  vertebrae  preserved 

The  dorsal  ribs  lie  in  natural  sequence.  At  first  sight  they  appear 
to  be  wider  proximally  than  in  the  other  specimen,  because  they  are 
exposed  so  as  to  show  the  superior  convex  dorsal  curvature ;  but 
enough  of  the  margin  is  exposed  to  show  that  the  proximal  end  was 
compressed  from  above  downward,  so  that  there  is  no  difference  of 
condition,  though  these  ribs  are  uniformly  wide  from  the  proximal 
to  the  distal  end. 

At  the  hinder  extremity  of  this  slab  are  two  early  caudal  vertebrae, 
isolated,  and  partly  exposed ;  one  showing  the  anterior,  the  other 
showing  the  posterior  articular  face. 

The  anterior  aspect  displays  the  relatively  small  size  of  the  face 
of  the  centrum  as  compared  with  the  neural  arch,  the  width  of  the 
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former  being  apparently  about  5  millimetres,  and  of  the  latter  about 
11  mm.  The  prezygapophyses  extend  in  advance  of  tbe  face  of  the 
centrum,  but  are  rather  short,  and  look  upward  and  inward.  The  sides 
of  the  neural  arch  are  inclined  obliquely  outward,  are  convex  from 
above  downward,  aud  look  outward  and  upward.  The  transverse 
processes  or  Caudal  ribs  are  strong,  subcorneal,  almost  horizontal 
processes,  9  millimetres  long,  compressed  from  above  downward  into 
a  wedge-shape  at  the  outer  extremity ;  while  they  are  flattened  ver- 
tically in  front  at  the  base,  which  is  4  millimetres  deep,  where  the 
process  is  given  off  from  the  conjoined  centrum  and  neural  arch. 
The  processes  are  directed  outward  and  a  little  downward.  The 
neural  spine  is  short,  and  in  front  it  is  sharp ;  the  height  from  the 
base  of  the  centrum  to  its  summit  is  1*5  centimetre. 

The  posterior  aspect  shows  similar  characters  in  the  neural  arch, 
except  that  the  lateral  convexity  is  rather  greater,  and  the  height  is 
rather  less.  The  posterior  zygapophyses  are  compressed  from  above 
downward,  and  look  obliquely  downward  and  outward ;  the  trans- 
verse width  over  them  is  about  7  millimetres,  being  apparently 
rather  less  than  the  anterior  measurement.  The  neurapophyses  do 
not  extend  to  the  hinder  face  of  the  centrum,  but  are  notched  out 
in  the  usual  way  to  form  the  intervertebral  foramen.  The  centrum 
is  convex  on  the  under  side,  as  in  the  dorsal  region,  but  its  dimen- 
sions contract  markedly  towards  the  concave  posterior  articulation. 
The  transverse  process  or  caudal  rib  appears  to  be  flattened  on  its 
under  side ;  it  is  about  1-2  centimetre  long. 

No.  3.-49974.  Presented  by  Captain  Scott  Helps ;  from  the 
cutting  at  the  east  of  Kimberley  Mine,  facing  Claim  '018,  40  feet 
from  the  margin  and  50  feet  deep ;  January  1878.  This  specimen 
shows  an  impression  of  a  few  early  caudal  vertebrsB,  very  imper- 
fectly preserved ;  and  an  impression  of  the  hind  foot  with  the  distal 
row  of  the  tarsus,  the  metatarsus,  and  digits  having  the  formula 
2-3-4-5-4. 

The  inflated  sides  of  the  neural  arches  are  shown  in  five  vertebrro, 
and  the  stout,  subconical,  transverse  caudal  ribs  attached  to  them 
diminish  from  a  length  of  1*5  centimetre  in  the  earliest  to  about 
4  millimetres.  These  processes  are  rounded ;  their  shortening  in 
these  five  vertebree  may  be  taken  to  indicate  that  they  are  speedily 
lost,  and  that  the  sides  of  the  caudal  vertebree  then  become  flattened. 

The  evidence  concerning  the  hind  limb,  though  fragmentary,  is 
instructive.  The  distal  row  of  the  tarsus  is  preserved  and  consists 
of  five  subovate  cuneiform  bones,  of  which  the  fifth  is  very  small.^ 
One  of  these  bones  artiqulates  with  the  proximal  end  of  each  meta- 
tarsal (as  in  Cryptobranchus  and  Salamandra).  On  the  external 
side  of  the  slab,  above  the  small  fifth  cutieiform  bone,  is  the  large 
broadly  wedge-shaped  cuboid,  and  above  the  other  bones  a  part 
only  is  preserved  of  a  larger  bone  which  the  evidence  does  not 
enable  me  to  identify. 

The  metatarsal  bones  progressively  increase  in  length,  and  there 

^  ThiB  fifth  bone  is  much  smaller  than  in  Stereostemum. 

2b2 
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is  a  ooiresponding  eloDgation  of  the  phalanges  of  the  digits,  so  that 
carves  might  be  drawn  through  the  articular  ends  of  the  bones 
which  would  diverge  as  they  extend  outward  and  forward.  The 
first  digit  is  the  shortest  and  strongest ;  the  two  outer  digits  appear 
to  be  slightly  the  more  slender.  All  the  metatarsals  and  phalangeal 
bones  are  more  or  less  contracted  in  the  shaft  and  expanded  at  the 
ends,  and  the  digits  terminate  in  conical  claws. 

The  first  digit  measures  1*7  centimetre  in  length,  of  which  the 
metatarsal  forms  one  centimetre ;  it  is  a  stout  bone  with  the  ex- 
tremities fully  4  millimetres  wide.  The  first  phalange  is  less  than 
4  millimetres  long  and  the  conical  claw-phalange  3  millimetres  long. 
The  interspaces  between  the  bones  are  small,  showing  that  their 
extremities  were  well  ossified. 

The  second  digit  is  2*6  centimetres  long.  The  metatarsal  bone 
measures  14  millimetres.  The  first  phalange  is  5  millimetres  long, 
the  second  scarcely  4  mm.,  and  the  third  2  mm. 

The  third  digit  has  a  length  of  3*2  centimetres.  The  metatarsal 
bone  is  1 5  millimetres  long.  The  first  phalange  is  7  mm.,  the  second 
4  mm.,  the  third  3  mm.,  and  the  fourth  2  mm. 

The  fourth  digit  has  a  length  of  4*8  centimetres.  The  metatarsal 
bone  has  a  length  of  1*7  centimetre.  The  first  phalange  measures 
8  millimetres,  the  second  5  mm.,  the  third  4  mm.,  the  fourth  3  mm., 
and  the  fifth  phalange  has  a  length  of  1  roillimeia'e. 

The  fifth  digit  has  a  length  of  4*1  centimetres.  The  metatarsal 
bone  is  2  centimetres  long.  The  first  phalange  is  nearly  11  milli- 
metres, the  second  fuUy  5  mm.,  the  third  3  mm.,  and  the  fourth, 
which  is  very  small,  is  about  1  millimetre  long. 

No.  4. — 49073,  was  found  at  the  same  time  and  place  as  the 
specimen  just  described,  and  presented  to  the  British  Museum  by 
the  same  gentleman.  It  may  therefore  be  a  portion  of  the  same 
individual.  It  is  a  similar  slab  in  soft  shale  exhibiting  some  cha^ 
racters  of  the  middle  caudal  region.  It  includes  18  vertebrs.  In 
the  early  vertebrsd  the  length  of  a  centrum  is  9  millimetres,  and  as 
the  series  measures  15*5  centimetres,  it  is  manifest  that  the  decrease 
of  the  vertebrae  in  length,  as  they  extend  posteriorly,  is  slight. 
The  subquadrate  vertebral  bodies  are  flat  at  the  side,  with  the  cen- 
trum scarcely  defined  from  the  neural  arch,  which  contracts  ante- 
riorly and  laterally,  so  as  to  form  a  sharp,  strong,  pointed  neural 
spine,  which  is  directed  upward  and  backward.  In  the  later  ver- 
tebrae, the  neural  spine  becomes  at  first  more  slender,  and  afterwards, 
in  the  hindermost  vertebrae  preserved,  it  is  more  depressed.  Chevron 
bones  are  present  in  all  the  vertebrae  which  are  sufficiently  well 
preserved  to  show  them.  They  appear  to  be  attached  in  the  usual 
way  at  the  posterior  angles  of  the  centrums,  are  more  slender  than 
the  neural  spines,  rather  shorter,  and  directed  backward  at  a 
sharper  angle.  They  are  9  mm.  long,  2  mm.  wide,  and  terminate 
at  first  in  a  horizontally  truncated  surface,  but  afterwards  they  are 
more  compressed  distally.    (See  fig.  1,  p.  591.) 

This  completes  the  evidence  from  the  Kimberley  specimens.  It 
is  impossible  to  say  that  they  belong  to  M.  tenwidens.    The  well- 
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developed  abdominal  ribs,  formed  of  flattened  plates,  give  its  most 

distinctive  feature,  and  it  is  probable  that 

the  species  is  different  from  the  slender  deli-  Fig.  1. 

cate  type-species,  with  elongated  teeth.     It 

makes  known  the  remainder  of  the  skeleton, 

with  the  exception  of  the  pelvis  and  sacrum, 

the  femur,  tibia,  and  fibula,  and  the  extremity 

of  the  tail. 

There  are  some  points  in  which  it  appears 
to  me  that  the  Mesosaurian  shoulder-girdle 
figured  by  Gervais  may  be  given  a  different 
contour,  but  the  evidence  in  favour  of  this  ch  s=  cheTron  bone, 
change  in  interpretation  will  be  better  ap- 
preciated after  the  discussion  of  a  new  specimen  which  is  preserved 
in  the  South  African  Museum,  Cape  Town. 

§  3.  Thb  Mesosaubtts  TraruiDiSNs  (Gebvais)  from  Albania. 

The  Cape  Town  fossil  was  collected  by  David  Amott  in  the  dis- 
trict of  Albania  in  Griqualand  West.  It  is  in  white  fissile  marl, 
and,  as  in  all  other  similar  specimens,  the  bones  have  disappeared 
and  left  an  internal  mould  of  the  skeleton.  The  slab  unfortunately 
only  shows  the  ventral  aspect  of  the  anterior  part  of  the  skeleton. 
It  appeared  at  first  as  though  the  skull  had  a  short  triangular  form, 
but  by  careful  development  from  the  matrix  it  is  proved  to  have  had 
the  same  elongated  form  of  head  which  characterizes  the  Paris  type ; 
and,  indeed,  it  extended  beyond  the  limit  of  the  slab. 

As  preserved,  the  lower  jaw  is  5  centimetres  long.  The  rami 
are  narrow  in  the  articular  r^ion,  beyond  which  they  are  prolonged 
backward  in  a  heeL  The  transverse  width  over  the  articular  region 
is  about  1*5  oentimetre.  The  rami  widen  as  they  extend  forward, 
though  this  condition  may  be,  in  part  at  least,  the  effect  of  com- 
pression, since  a  median  channel  extends  along  the  symphysis,  of 
which  not  more  than  1  centimetre  is  preserved.  The  transverse 
width  at  the  anterior  fracture  exceeds  ^  centimetre.  The  external 
surface  of  the  bone  is  somewhat  uneven  and  marked  with  longitudinal 
striations.  Behind  the  acute  anterior  convergence  of  the  rami  the 
palate  is  exposed.  It  b  oomi^etely  closed,  without  indication  of 
any  vacuity.  Two  elevated  ridges  nearly  parallel  to  each  other  and 
close  together  extend  along  its  length  and  converge  backward.  There 
is  a  possibility  that  these  ridges  carried  single  rows  of  teeth  like  the 
teeth  on  the  ridges  on  the  palate  of  PareiasauruSf  as  the  impression 
from  the  oast  shows  at  regular  Intervals  a  few  white  dots  along 
each  ridge.  The  ridges  become  more  elevated  at  the  back  of  the 
palate  and  diveige  outward  and  backward  in  a  Y-shape  to  the 
articular  region,  which  is  strongly  suggestive  of  the  pterygoid  bones 
abutting  against  the  basi-sphenoid.  It  is  possible  that  the  palate- 
nares  may  be  in  the  depression  behind  the  posterior  divergence  of 
the  pterygoid  bones.  On  the  hinder  part  of  the  pterygoid  region 
are  short  slender  rods  which  appear  to  be  part  of  the  hyoid. 
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The  articolatioii  with  the  veitebral  column  is  not  clearly  shown, 
because  the  atlas  is  in  dose  apposition  with  the  back  of  the  head. 
The  teeth  are  few  and  imperfecUy  displayed ;  they  are  long,  slender, 
and  extend  outwards  at  right  angles  to  the  jaw. 

The  palate  closed  in  the  median  line  is  common  to  JVb/Aosanna 
and  Pareictsaurus,  and  is  seen  in  certain  Amphibians,  Chelonians, 
Crocodiles,  and  other  orders,  so  that  it  gives  no  dear  indication 
of  affinities.  Prof.  Cope  finds  that  the  head  of  StereoUemum  is 
also  elongated,  with  slender  teeth ;  bat  the  details  of  the  stractore 
have  not  been  determined. 

The  cenrical  vertebne  are  short,  narrow,  wider  in  front  than 
behind,  in  dose  contact,  with  a  median  ridge  moderately  elevated 
on  the  base  of  the  centrum.  On  each  side  of  the  ridge  the  base  of 
the  centrum  is  concave,  owing  mainly  to  the  devdopment  of  a  strong 
tuberde  at  the  anterior  angle  of  the  side  of  the  centrum.  These 
tuberdes  are  compressed  from  above  downward,  and  each  apparently 
gave  attachment  to  a  rib  by  a  facet  which  is  less  than  half  as  long 
as  the  centrum.  Eight  cervical  vertebne  have  a  length  of  3'25 
centimetres.  The  first  three  are  very  short,  the  atlas  shortest.  It 
appears  to  terminate  in  front  in  a  concave  articular  cup.  The  other 
centrums  are  rather  less  than  j  centimetre  long. 

The  cervical  ribs  have  large  heads,  which  articulate  with  the  lateral 
tubercles,  but  appear  otherwise  to  be  dender  rods  which  lie  near 
to  the  sides  of  the  vertebr®  and  are  about  1  centimetre  long,  which 
is  unlike  both  the  figure  of  the  type  of  Mesosaurus,  which  has  trans- 
versely expanded  cerrical  ribs  according  to  Gervais/  and  the  cast  of 
the  specimen,  though  these  may  be  onlyjthe  expanded  heads  of  the  ribs. 

In  the  lateral  aspect  the  cervical  vertebrse  are  concave  from  above 
downward.  The  zygapophyses  are  well  developed  and  strong ;  they 
lean  a  little  forward.  The  foramen  for  the  intervertebral  nerve  is 
developed  vertically,  and  chiefly  excavated  at  the  posterior  borden 
of  the  vertebrsB. 

Beyond  the  eighth  centrum  the  vertebrsB  have  a  different  form. 
The  median  ridge  gives  place  to  a  convex  base  to  the  centrum,  from 
the  sides  of  which  strong  transverse  processes  are  given  off.  No 
divisions  can  be  seen  between  the  centrums  of  the  vertebrse  9-11, 
and  they  look  as  though  anchylosed.  But,  since  they  are  curved, 
that  is  impossible;  and  I  suggest  that  the  aspect  is  a  delusive 
appearance  which  not  improbably  results  from  the  presence  of  a 
thin  osseous  film  which  extends  over  the  sutures.  The  position  is 
that  which  would  be  occupied  by  the  stalk  of  the  interclavide  or 
forward  prolongation  of  the  precoracoid.  Extending  transversely 
outward  from  the  suture  between  the  eighth  and  ninth  vertebne 
are  fragments  of  a  transversely  extended  median  bone.  On  the  left 
side  it  extends  outward  and  backward  to  the  scapula,  so  that  the 
bone  has  the  relations  of  the  clavicular  mass  in  Flesiosaurs.  The 
preservation  is  such  that  its  nature  cannot  be  determined  with  cer- 

^  The  cast  and  the  figure  differ  materiallj,  eepeoially  in  the  ttracture  of  the 
skull ;  and  I  suppose  the  figure  to  be  more  accurate,  since  it  corresponds  better 
with  this  f  ossiL 
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tainfcy.  On  the  right  side  are  two  bones  a  little  displaced,  which 
may  be  the  remainder  of  the  right  clavicle  and  the  transverse  bar 
of  tiie  interdaTide.  Both  bones  are  wider  than  cervical  ribs.  There 
is  nothing  to  show  whether  the  clavicular  arch  resembled  that  of  Lario- 
saurus  and  Nothotaunu,  or  that  of  Pareiasaurus  and  Anomodonts, 
bnt  that  it  existed  seems  probable. 

A  pair  of  bony  plates  make  the  ventral  part  of  the  shoulder- 
girdle,  and  cover  much  of  the  two  succeeding  vertebrae  so  that  their 
transverse  processes  are  not  seen.  On  both  sides  these  bones  are 
fissured  and  broken  by  pressure.  On  the  left  side  a  snture  extends 
inward  from  near  the  acetabulum,  which  appears  to  have  divided 
the  mass  into  a  posterior  ooracoid  part  and  an  anterior  scapular  part. 
On  the  right  side  the  suture  is  not  seen.  There  is  a  coracoid  fora- 
men, which  is  presumably  in  advance  of  the  acetabulum.  In  some 
Anomodonts  the  coracoid  foramen  is  situate  at  the  junction  of  the 
scapula  and  precoraooid,  in  others  at  the  meeting  of  the  scapula, 
coracoid,  and  precoraooid ;  while  it  is  entirely  in  the  coracoid  in 
Crocodiles  and  Dinosaurs.  Hence  it  may  be  inferred  that  the  part 
of  the  bone  which  thickens  behind  the  foramen  is  the  coracoid. 
The  thinner  plate  in  front  is  the  scapula.  The  part  of  the  bone 
'which  extends  inward  from  the  scapula  towards  the  clavicle  corre- 
sponds to  the  precoraooid  region,  though  there  is  no  snture  to  define 
it  as  a  separate  bone.  The  contour  of  the  scapula  is  apparently  not 
unlike  that  of  the  Muschelkalk  fossil  Dactylosaurus  gracilis,  but  the 
coracoid  is  dissimilar.^  The  correspondence  is  close  with  the 
type  Mesosaurus  Unuidens,  In  that  fossil  the  coracoids  overlap, 
while  in  this  specimen  they  are  separated,  probably  by  posi-morteni 
pressure.  On  each  side  towards  the  median  line  there  is  a  lunate 
plate.  Its  inner  border  is  convex,  very  thin,  and  apparently  adapted 
fer  squamous  overlap.  As  it  extends  outward  towards  the  coracoid 
foramen  it  contracts.  There  is  a  deep  semi-ovate  emargination  of 
the  posterior  margin  of  the  bone,  external  to  which  the  posterior 
border  of  the  ooracoid  terminates  in  a  transverse  line.  In  front 
of  the  emargination  the  bone  thickens  to  an  elevated  band,  which  has 
the  aspect  of  connecting  the  lunate  mass  with  the  external  part  of 
the  coracoid  and  scapula,  though  there  is  no  anterior  emargination, 
but  only  a  depression  in  which  the  ooracoid  foramen  is  placed.  The 
external  border  of  the  scapula  and  coracoid  is  straight,  with  a 
tendency  to  concavity  behind  the  humeri,  which  extend  transversely 
outward  from  the  middle  of  the  border.  In  the  impression  from 
the  natural  mould  the  anterior  border  of  the  scapula  appears  to  be 
rounded,  but  this  may  result  from  conditions  of  preservation. 

A  thin  plate  of  bone,  of  which  the  outlines  are  imperfectly  defined, 
extends  laterally  between  the  front  of  the  scapula  and  the  clavicle. 
It  appears  to  be  continuous  with  the  inner  lunate  mass  which  rests 
on  the  12th  and  13th  vertebrse,  though  it  is  not  continuous  with 
the  anterior  border  of  the  scapula,  but  above  it.  It  is  obviously 
displaced,  since  the  transverse  process  of  the  10th  vertebra  extends 

1  Giiricb,  Zeitschr.  d.  Beutvch.  geol.  G^aellsch.  vol.  xxxri.  (1884)  p.  125,  pi.  u. 
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in  front  of  it.  Its  external  border  appears  to  be  straight  and 
directed  forward.  It  cannot  be  determined  with  oertainty,  and 
may  be  part  of  the  scapula  or  the  epinlavicle  or  clavicle ;  most  likely 
the  latter,  for  it  is  improbable  that  the  epidavide  has  a  separate 
existence  as  a  large  bone  in  Mesoeawrus^  seeing  that  no  trace  of  it 
is  known  in  European  allies  of  the  type.  Iliere  is  every  reason 
to  look  for  the  epidavicle  in  such  a  position  in  animals  of  this  type, 
but  no  specimen  shows  it.  In  1865  ^  I  suggested  that  the  lateral 
plate  of  the  Plesiosaurian  scapula  was  the  clavicle.  This  was  cor- 
rected in  1874^  by  finding  the  clavicles  in  association  with  the 
interdavicle.  Mr.  Hulke  suggested  in  1883,'  that  the  antero- 
internal  part  of  the  bone  which  articulates  with  thecoracoid  to  form 
the  glenoid  cavity,  is  the  preooraooid;  and  that  the  thin  lateral 
ascending  plate  which  extends  above  the  head  of  the  humeruE 
is  a  part  of  the  scapula.  While  the  body  of  this  bone  both  in 
Plesiosaurus  and  Meeosaurus  appears  to  me  to  be  the  scapula,  there 
is  some  evidence  to  suggest  that  the  ascending  plate  of  that  bone 
in  PUstotaurus  is  the  epiclavide.  There  is  no  evideuoe  of  any 
such  structure  in  Mesosaurug^  though  the  boue  identified  as  a 
clavicle  in  Daciylomurut  and  in  Siereostemum  is  in  a  not  dissimilar 
position  with  regard  to  the  head  of  the  humerus. 

After  the  eleventh  vertebra,  dorsal  ribs  are  developed.  Seventeeo 
dorsal  vertebna  thus  characterised  are  more  or  less  perfectly  pre- 
served. The  bodies  of  the  vertebrae  increase  a  little  in  depth  as 
they  extend  backward,  owing  to  tlie  transverse  process  bdn; 
inclined  rather  more  upward. 

The  attachment  of  the  rib  is  by  a  transversely  ovate  facet,  which 
is  placed  below  the  zygapophysis  on  the  anterior  foxe  of  the  near' 
apophysis^  so  as  to  look  forward  and  slightly  outward  and  downward 
I  am  not  aware  of  a  similar  mode  of  attachment  for  ribs  in  anj 
other  animal.  When  the  ribs  are  in  situ,  their  proximal  ends, 
which  are  compressed,  have  the  appearance  of  being  wedged  into  the 
interspaces  between  the  ascending  processes  of  the  vertebrae.  The 
articular  faces  of  the  contiguous  centrums  are  seen  between  the 
twenty-second  and  twenty-third  vertebrae.  The  centrum  contracts 
a  little  to  its  articular  ends,  which  are  small  and  circular,  and 
conically  cupped  as  in  the  Eimberley  specimens.  The  ribs  are 
cylindrical,  strongly  curved  in  a  bow,  a  little  compressed  proximally, 
truncate  distally,  and  stout  like  the  ribs  of  Lariosatwus,  The 
first  pair,  partly  covered  by  the  shoulder-girdle,  is  short  and  con- 
spicuously slender.  The  others  are  of  approximately  uniform  size, 
the  earlier  measuring  2*5  centimetres  in  length,  and  in  the  middle 
of  the  specimen  3  centimetres ;  they  are  about  0*375  centimetre  in 
diameter,  but  the  antero-posterior  width  rather  exceeds  the  thickness. 
The  interspaces  between  the  ribs  are  wider  than  the  ribs.  This 
specimen  shows  no  trace  of  abdominal  ribs,  unless  one  or  two  hair-like 
rods  at  the  distal  end  of  the  right  humerus  should  be  of  that  nature. 

^  Ann.  &  Mag.  Nat.  Hist.  ser.  3,  vol.  rri.  p.  368,  pi.  xt, 

^  Quart.  Joum.  Geol.  Soc.  vol.  xxx,  p.  444. 

•  Ibid.  yoL  xxzix.  (Preeid.  Address),  Proc.  p.  46. 
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The  anterior  limbs  are  well  preserved,  and  extended  transversely. 
The  measurement  over  them  exceeds  15  centimetres,  and  each 
limb  is  6|  centimetres  long. 

The  humerus  is  2*625  centimetres  long.  It  has  the  form  of  the 
bone  in  PUosaurus,  being  deep  at  the  proximal  end,  elongated, 
nearly  straight  on  the  anterior  border,  and  concave  on  the  posterior 
border  in  consequence  of  the  distal  expansion.  In  no  way  except 
as  a  genus  does  it  differ  in  form  from  the  humerus  of  the  Edentate 
mammal  Megalonyx,  where  that  bone  has  lost  its  terminal  epiphyses, 
thus  showing  a  new  example  of  evolution  in  ossification  which  is 
associated  with  transition  from  one  vertebrate  type  to  another.  The 
bone  is  |  centimetre  wide  at  the  proximal  end,  and  nearly  1  centimetre 
wide  at  the  distal  end.  The  anterior  border  is  flattened  proximally, 
but  becomes  compressed  distally  to  a  sharp  edge ;  the  posterior  border 
is  modified  in  the  same  way.  The  under  side  of  the  bone  is  concave 
in  length.  The  distal  end  is  truncated,  slightly  convex  from  front 
to  back.  Its  inferior  margin  is  slightly  thickened,  and  its  articular 
surface  shows  two  concavities  which  correspond  in  position  with 
the  heads  of  the  ulna  and  radius,  though  those  bones  on  both  sides 
appear  to  be  separated  from  the  humerus  by  an  interval  of  about  ^ 
centimetre.  The  bone  has  a  comparatively  large  ent-epicondylar 
foramen  which  passes  from  the  internal  or  posterior  border  obliquely 
downward  and  forward  so  as  to  open  on  the  under  side  of  the  bone 
near  to  the  posterior  margin,  above  the  ulnar  articulation.  It  is 
vertically  ovate  and  has  not  the  narrow)  elongate  form  figured 
by  Gervais  in  the  type  of  Mesosaurus  tmuidens.  This,  with  the 
slendemess  of  the  humerus,  supports  the  indication  of  the  cervical 
ribs  that  the  species  may  be  distinct. 

The  ulna  and  radius  are  exceptionally  slender  in  proportion  to 
the  size  of  the  humerus.  The  radius  is  l|  centimetre  long,  straight, 
slightly  enlarged  at  both  extremities,  with  the  distal  end  com- 
pressed so  as  to  carry  a  median  ridge  on  the  under  side,  which  may 
make  the  distal  end  triangular. 

The  ulna  is  a  little  shorter.  It  is  very  slightly  curved,  the  proxi- 
mal end  being  a  little  developed  on  its  radial  side,  where  the  two 
bones  of  the  forearm  are  in  contact.  And  distally  there  is  a 
corresponding  development  towards  the  carpal  element  which  is 
wedged  between  the  radius  and  ulna  so  as  to  separate  their  distal 
ends.  The  posterior  outline  of  the  ulna  is  very  slightly  convex, 
and  its  radial  border  is  concave.  In  slender  form  it  is  the  counterpart 
of  the  radius.  The  transverse  measurement  over  the  proximal  ends 
of  the  two  bones  as  they  lie  together  is  j  centimetre ;  the  transverse 
measurement  over  the  distal  ends  as  they  lie  is  |  centimetre. 

The  carpus  is  remarkable  for  the  large  size  and  triangular 
arrangement  of  the  three  bones  which  form  the  proximal  row,  as 
compared  with  the  small  size  and  linear  arrangement  of  the  four 
bones  in  the  distal  row. 

The  proximal  carpal,  which  alone  gives  attachment  to  the  radius 
and  ulna,  may  be  regarded  as  the  lunar  bone.  It  is  flattened,  of 
irregular  subquadrate  outline,  and  has  the  border  towards  the 
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ulna  thickened ;  it  is  in  close  contact  with  the  other  two  hones 
which  are  placed  distally.  On  the  ulnar  side  there  is  a  foramen 
hetween  this  bone  and  the  element  which  is  above  the  fifth  digit, 
and  separated  from  it  by  a  cartilaginous  interspace.  On  the  radial 
side  there  is  a  close  sutural  union  with  the  bone,  beneath  which  are 
placed  the  four  carpals  of  the  distal  row.  There  is  an  interspace, 
which  was  presumably  occupied  by  cartilage,  between  the  distal 
end  of  the  radius  and  the  carpal  above  the  first  digit.  The  bone  on 
the  ulnar  side  is  obviously  the  cuneiform.  But  that  on  the  radial 
side  may  be  either  the  acaphoid  or  oeotrale.  Frmn  its  holding  » 
corresponding  position  to  the  naviculare  of  the  tarsus  in  relation  to 
the  bones  of  the  distal  row,  there  is  some  evidence  in  support  of  its 
identification  as  the  centrale,  in  which  case  the  scaphoid  is  unossi- 
fied,  but  the  evidence  is  insufficient  to  determine  the  point,  especially 
as  there  is  an  interspace  between  the  distal  carpal  bones  and  this 
element.  If  the  bone  were  identified  as  the  scaphoid  it  would 
approximate  the  carpus  towards  such  a  mammalian  type  aa 
Cheiromyt;  and  the  resemblance  would  be  not  less  interesting  if 
the  scaphoid  were  supposed  to  be  unossified  on  the  radial  side,  and  the 
pisiform  unossified  on  the  ulnar  side.  In  any  case  the  condition  is 
unlike  that  of  Plesiosaurs,  in  which  the  carpal  bones  of  the  proxi- 
mal row  have  a  transverse  linear  arrangement.  Lariosaurva  is 
6gured  by  Zittel  with  two  bones  in  the  proximal  row  and  two  in 
the  distal  row,  but  the  carpus  is  imperfectly  known  in  Neusticosaunit 
and  unknown  in  Anarosaums. 

The  distal  row  of  the  carpus  in  alfeso«aurt»  consists  of  four  bones,  ^ 
arranged  like  the  corresponding  bones  in  a  mammal.  They  are 
identified  as  trapezium,  trapezoid  magnum,  and  unciform.  The 
first  of  these  is  the  smaUest,  and  the  unciform  is  the  largest 

The  metacarpus  consists  of  five  divergent  bones  which  vary  in 
length.  The  first  is  strong  and  short,  ^  centimetre  long.  The 
third,  fourth,  and  fifth  are  about  §  centimetre  long,  and  the  fifth 
(which  is  most  slender)  is  only  a  little  longer  than  the  first.  The 
transverse  measurement  over  the  distal  ends  of  the  metacarpal 
bones  is  fully  1|  centimetre.  The  digits  are  moderately  developed, 
the  middle  digit  being  the  longest ;  and  in  every  case  the  first 
phalange  is  the  longest  and  strongest.  The  digits  terminate 
in  short  conical  claws.  The  number  of  phalangeal  bones  is 
2'3'4*3+'3+.  The  fourth  digit  is  imperfect ;  the  fifth  has  three 
well-developed  phalanges  without  a  terminal  claw,  and  a  small 
ossification  lies  near  its  extremity  which  may  represent  the  rudi- 
ment of  a  terminal  phalange.  The  first  digit,  including  the  meta- 
tarsal, measures  fully  |  centimetre,  and  the  third  measures  1^ 
centimetre  in  length. 

There  are  obvious  differences  between  this  specimen  and  the 
type,  but  it  is  difficult  to  judge  of  their  importance.  In  the  Fans 
fossil  the  teeth  appear  to  be  more  numerous,  but  in  both  they  have 

^  Attention  is  subeequently  drawn  to  the  specimen  of  Stereostemum  which 
nuty  possibly  show  five  bones  in  the  distal  row  of  the  carpus. 
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an  elongated  slender  cylindrical  form.  The  cervical  ribs  in  the 
Cape  Town  fossil  are  long  and  slender,  and  directed  backward,  close 
to  the  vertebrae  ;  in  the  Paris  specimen  the  cervical  ribs  have  been 
figured  with  a  considerable  lateral  expansion,  which,  however,  is  Dot 
present.^  The  shonldei^girdle  is  at  first  sight  very  dissimilar,  but  a 
mass  of  matrix  appears  to  cover  the  hinder  part  of  the  ooracoid 
plate  in  the  Paris  fossil  and  to  hide  the  posterior  emargination  of 
the  bone.  The  lateral  pre-acetabular  expansion  seen  in  the  Paris 
fossil  is  absent  from  the  Cape  Town  specimen,  but  it  may  possibly 
be  loet  upon  the  upper  slab.  The  humerus  in  the  Paris  specimen  is 
more  compressed  distally  and  the  foramen  is  longer.  The  evidence 
is  insufficient  to  prove  specific  distinction. 

§  4.  Thb  Mebosaubus  is  the  Albaitt  Museux. 

Another  specimen  of  apparently  the  same  genus,  from  near 
Burghersdorp,  is  contained  in  the  Albany  Museum  at  Grahamstown. 
It  shows  the  dorsal  aspect  of  dorsal  vertebrae  and  ribs.  The  vertebrae 
are  no  wider  than  in  the  Cape  Town  fossil,  but  relatively  longer. 
While  in  the  latter  seven  vertebrae  occupy  a  length  of  4|  centimetres, 
in  this  only  five  vertebrae  are  contained  in  that  length,  but  the  ver- 
tebrae are  less  closely  articulated.  The  ribs  are  fully  ^  centimetre  in 
diameter,  so  that  the  interspaces  between  them  are  only  half  as  wide 
as  the  ribs.  As  they  are  preserved,  inclined  backward  at  an  angle  of 
45°,  they  lie  in  close  contact  distally  on  the  right  side  and  overlap 
on  the  left  side.  They  appear  to  be  a  little  ovate  in  section, 
being  wider  than  deep,  so  that  this  character  is  not  peculiar  to 
Ditrochotaurus,  The  proximal  ends  are  compressed  and  recurved. 
They  have  a  length  of  about  4^  centimetres ;  and  the  transverse 
measurement  over  the  body  as  preserved  is  7  centimetres.  They 
lie  in  natural  connexion  with  the  vertebrae.  On  the  left  side  of  the 
sixth  vertebra,  the  cast  shows  an  impress  as  of  a  flat  transverse  process. 
Apparently  the  anterior  edge  of  the  rib  is  in  close  contact  with  the 
concave  posterior  margin  of  the  process.  The  contact  is  as  close 
as  though  this  relation  were  articular. 

Thirteen  vertebrae  are  preserved  in  the  cast,  with  indications  of 
one  more  at  each  end,  imperfectly  preserved,  and  on  the  left  side 
there  are  thirteen  ribs  in  sequence.  The  vertebrae  seen  from  above 
are  transversely  oblong.  They  are  narrowest  in  front,  widest  in 
the  middle,  and  narrow  again  posteriorly.  The  greatest  transverse 
measurement  is  1^  centimetre.  The  antero-posterior  measurement 
increases  a  little  from  front  to  back,  being  less  than  |  centimetre 
anteriorly,  and  more  posteriorly.  The  neural  spines  are  compressed 
from  side  to  side,  moderately  elevated,  higher  than  in  the  impression 
from  the  cast,  stronger  behind  than  in  front,  and  stronger  in  the  later 
than  in  the  earlier  vertebrae.  On  each  side  of  the  neural  spine  the 
surface  is  convex  from  front  to  back  and  concave  from  side  to  side, 

^  I  am  indebted  to  Prof.  Ghiudiy  for  evidence  that  the  oerrica]  ribe  in  the 
type  of  MesoMurus  tetiuidens  are  essentiallj  the  same  as  in  this  fobsil.  The 
tenth  vertebra  of  the  type  appears  to  have  ribs  with  two  distinct  articular  sur- 
faces, and  such  ribs  may  be  present  in  the  ninth  vertebra. 
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being  margined  by  a  longitudinal  ridge,  chiefly  developed  above  the 
posterior  zygapophyses.  In  the  anterior  half  of  the  vertebre  these 
ridges  converge  forward  above  the  pre-zygapophyses.  The  lateral 
contour  of  the  neural  arch  is  concave  in  length.  The  pre-z^gapo- 
physial  facets  are  horizontal,  transversely  ovate  facets,  above  which 
the  neural  arch  rises  abruptly/ 

The  entire  length  of  the  fragment  of  this  skeleton  preserved  is 
12||  centimetres.  I  have  no  doubt  that  it  indicates  a  new  species, 
but  there  is  no  character  available  for  its  definition  except  the 
unsatisfactory  one  of  relatively  stout  ribs. 

§  5.  The  Eelations  07  Mesosaueus  with  SrEBEOSiEEinTX. 

In  1886  Prof.  Cope  published  his  well-known  description  of 
Stereosternvm  tumidum,^  He  recognized  the  close  general  resem- 
blance of  that  type  to  Mesosaurus ;  but  since  the  Brazilian  fossil 
which  he  figures  represents  the  hinder  half  of  the  body,  and  the  Paris 
specimen  only  shows  the  anterior  half,  no  very  close  oompaxison 
could  be  made.  The  author  observes,  ^  As  the  dorsal  vertebne  [of 
Mesosaurus]  are  obscured  by  matrix,  the  only  point  in  which  actual 
comparison  can  be  made  is  the  ribs.  These  are  quite  identical  in 
the  two  types  .  .  .  The  humerus  is  almost  identical,  and  the  carpus 
is  nearly  what  one  would  expect  to  find  in  the  Brazilian  form." 
Shortly  afterwards  the  British  Museum  acquired  two  skeletons  of 
this  animal  from  Sao  Paulo,  one  of  which  is  better  preserved  than 
that  figured  by  Cope,  in  showing  the  entire  dorsal  region  with  the 
fore  and  hind  limbs,  as  well  as  some  indications  of  the  shoulder- 
girdle,  and  important  pelvic  characters.  Dr.  Henry  Woodward^ 
F.B.S.,  had  a  cast  taken  from  the  better  of  the  two  slabs,  and  I 
studied  the  remains  and  found  that  comparison  of  the  Eimberley 
and  Brazilian  specimens  suggested  the  conclusion  that  StereosUr" 
num  was  generically  indistinguishable  from  Mesosaurus^  unless  the 
clavicular  arch  should  be  found  to  separate  them.  Mr.  Lydekker, 
in  his  Catalogue  of  the  Fossil  Beptilia  in  the  British  Museum,  Part  iL 
p.  302,  referred  the  specimens  to  Mesosaurus,  remarking  that  *'  there 
appear  to  be  no  characters  by  which  Stereostemum  can  be  specifi- 
caUy  distinguished  from  the  type-species  ^Mesosaurus  tenuiden$]J* 
There  are  important  regions  of  the  skeleton  which  have  not  been 
compared,  such  as  the  pelvis,  the  shoulder-girdle,  and  the  skull. 
The  ooracoid  figured  by  Cope  amply  justifies  specific  separation, 
and  makes  generic  distinction  not  improbable,  though  Mr.  Lydekker 
would  refer  the  coracoid  to  some  other  type  of  animal ;  but  it 
has  enough  in  common  with  the  ooracoid  of  Mesosaurus  as  now 

^  There  are  imperfectly  preeeryed  doubtful  indications  of  transverse  prooesses. 
In  the  Gape  Town  fossil  these  possible  plates  (if  they  are  notdiTision-planes  in 
the  matrix)  are  hidden  beneath  the  ribs,  but  appear  to  be  triangular  and  di- 
rected outward  and  backward  for  nearly  half  the  length  of  the  ribs.  A  similar 
appearance  is  seen  in  the  Grahamstown  specimen,  where  the  transverse  process 
appears  to  be  broken.  It  is  more  slender  than  in  the  other  example.  These 
incucations  are  imperfectly  displayed,  and  better  specimens  must  be  obtained 
to  show  how  far  the  indications  may  be  relied  upon. 

^  Proc.  Am.  Phil.  Soc  vol.  xziii.  p.  7. 
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known  to  indicate  that  it  is  a  fragment  of  the  coracoid  of  an  allied 
genns,  in  which  there  was  no  squamous  overlap  of  the  hones.  The 
British  Museum  examples  of  Stereostemum  show  that  the  cervical 
vertehr»  are  very  short.  They  are  exposed  laterally.  The  centrum 
is  hadly  preserved.  The  neural  spine  b  long,  thin,  flat ;  with  the 
anterior  and  posterior  horders  suh-parallel,  slightly  converging 
superiorly.  The  extremity  of  the  spine  is  truncated.  The  neural 
spines  are  inclined  hackward,  and  increase  in  length  towards  the 
dorsal  region.  The  neurapophyses  are  constricted  from  hack  to 
front,  so  as  to  cause  the  anterior  angle  to  extend  forward  as  a  pre- 
zygapophysis,  and  there  is  a  strong  post-zygapophysis  with  a  semi' 
circular  excavation  heneath  it  for  the  intervertehral  nerve.  There 
are  six  vertehr©  preserved  anterior  to  the  humerus.  In  the  Cape 
Town  Mesosaurus  these  would  extend  forward  to  the  middle  of  the 
cervical  region.* 

The  measurement  from  the  humerus  to  the  femur  is  13*5  centi- 
metres, and  in  this  length  are  twenty  vertehrsB.  The  transverse 
measurement  over  the  middle  of  the  dorsal  rihs  is  4-2  centimetres. 
There  are  twenty  pre-saoral  vertehrae  which  hear  dorsal  rihs.  The 
early  vertehrae  of  the  dorsal  series  have  the  centrum  short,  measuring 
I  centimetre.  The  under  side  of  the  centrum  is  wide  anteriorly, 
convex  from  side  to  side,  and  less  convex  from  hack  to  front.  In 
the  specimen  E.  537,  twenty  dorsal  vertehrae  measure  16-2  centi- 
metres ;  that  example  is  therefore  somewhat  larger.  There  are  no 
lumhar  vertehr»  in  Stereosternum, 

The  early  dorsal  ribs  are  slender  proximally,  and,  enlarged,  they 
are  club-shaped  distally.   In  R.  537 

the  ribs  appear  to   be  flatter,  but        Fig.  2. — Sacrum  and  ilium 
this   may  be   the  efiect  of   com-  o/ Stereostemum. 

pression. 

In  the  specimen  K.  536  there 
are  four  sacral  vertebrae  charac- 
terized by  their  sacral  ribs,  sup- 
porting the  ilium.  Probably  only 
the  last  two  are  rightly  accounted 
sacral,  and  the  anterior,  which  have 
the  ribs  converging  outward,  may 
be  sacro-lumbar.  There  is  no 
reason  for  believing  that  any  of  the 
sacral  vertebrae  are  anchylosed. 
In    Giirich's    Ditrochosaurus    from  Restored. 

Hope  Town  the    sacral   vertebrae  .,  ...  ,  ,  , 

appear  to  be  scattered.     The  width  ^^^  ^"°^ '  ^'  acetabulum, 

of  the  stronger  transverse  processes  which  are  opposite  the  aceta- 
bulum in  Stereostemum  is  about  |  centimetre. 

The  early  caudal  vertebrae  of  Stereostemum  seen  from  above  show 
the  lateral  notching  behind  the  transverse  processes,  which  defines  the 
post-zygapophyses.    The  transverse  processes  of  the  caudal  vertebrae 

^  Prof.  Cope  records  nine  cervical  yertebrs  besides  the  atlas, '  Am.  Nat.'  vol. 
xii  p.  1109. 
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Fig.  3. — Early  caudal  vertebra 
of  Stereosternum. 


are  somewhat  similar  to  those  in  the  Ejmberley  Mesosauna,  in 
which  they  decrease  in  length  very  rapidly  and  are  thicker,  so  as  to 
have  a  dissimilar  aspect.  Seventeen 
caudal  vertebree  are  preserved.  In 
the  first  twelve  the  form  is  flat- 
tened, and  they  differ  only  by  de- 
creasing in  size.  In  the  later 
caudal  vertebrBB  there  may  be  a 
large  intercentral  ossicle,  almost  as 
large  as  the  exposed  part  of  the 
centrum.  The  chevron  bones  are 
attached    to     these     ossifications. 

This  suggests  that  chevron  bones  are  the  transverse  processes  or 
caudal  ribs  of  the  intercentrum.     The  chevron  bones  are  a  little 
longer  than  the  centrum,  and  lie  parallel  to  its  base. 
The  shoulder-girdle  is  imperfectly  preserved.     The  coracoid  in 

Fig.  4. — Part  of  the  sTioulder-gtrdle  of  Stereosternum  tumidum. 


Natural  size. 


Natural  size. 

8Cf  scapula ;  h,  humerus. 

E.  537  is  evidenced  by  an  impression  and  some  bone  tissue,  but  its 
form  is  not  defined.  In  B.  536,  Brit.  Mus.,  there  are  indications  of 
a  pair  of  wide,  thin,  crescentic  bones  in  advance  of  the  shoulder- 
girdle.  In  extending  above  the  humeral  articulation  they  correspond 
in  position  with  the  lateral  plates  of  the  Plesiosaurian  scapula,  and 
are  of  not  dissimilar  form.  I  cannot  regard  them  as  scapulas  because 
they  do  not  enter  into  the  glenoid  cavity.     Prof.  Cope  only  records  a 
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large  coracoid,  and  a  transverse  element  anterior  to  it  which  he 
regards  as  either  clavicle  or  inter  clavicle.^  I  regard  the  bone  as 
either  the  episcapola  if  it  is  blended  with  the  scapula,  or  clavicle  if 
it  is  a  distinct  element  (as  appears  more  probable). 

If  the  transverse  expansion  seen  in  the  Paris  ^pe  of  Mesosaurus 
is  the  same  bone,  its  form  is  imperfect,  but  it  is  in  the  same 
position  as  the  lateral  crescentic  bone  of  Stereostemum,  There  is 
nothing  in  the  Cape  Town  Mesosaurvts  which  corresponds  in  form 
with  these  bones  in  JStereostemum.  And  the  shoulder-girdle  in  the 
two  types  seems  to  be  unlike,  because  the  coracoids  in  the  Brazilian 
genus  met  (as  shown  by  the  thickened  margin)  in  the  median  line, 
while  in  Mesosaurtis  there  seems  to  have  been  a  squamous  overlap 
as  in  Monotreme  Mammals,  and  as  the  coracoid  csjiilages  overlap 
in  Triton  and  Salamandra.  This  condition,  so  far  as  I  am  aware,  is 
not  otl^erwise  suggested  by  remains  of  fossil  reptiles.  There  is  also 
a  possible  resemblance  to  Salamanders  in  the  fact  that  the  scapula 
and  coracoid  are  not  separable,  though  the  Cape  Town  Mesosawtts 
appears  to  indicate  a  suture. 

Fig.  5. — Beetored  outline  of  shoulder-girdU  of  Mesosaurus. 


0,  clayicles ;  «r,  soapula ;  cty  coracoid* 

The  British  Museum  specimen  of  Stereostemum  (R.  536)  has  the 
humerus  2*6  centimetres  long.  In.R.  537  it  is  3*6  centimetres 
long.  It  is  very  like  the  humerus  of  Mesosaurus.  In  all  these 
types  the  bone  would  be  separable  only  by  generic  characters  from 
the  humerus  of  the  Edentate  Mammal  Megalonyx,  if  the  epiphyses 
in  that  genus  were  removed.  The  ulna  is  1^  centimetre  long, 
and  the  radius  a  little  shorter.  The  carpus  is  badly  preserved. 
Prof.  Cope  states  that  it  includes  a  radiale,  a  large  intermedium, 
a  small  ulnare,  a  large  centrale,  and  four  distal  carpals.    The  distal 

^  Op,etloc.  supra  eit. 


Digitized  by  VjOOQ IC 


602  PBOF.  H.  e.  BBELET  ON  THE 

row  of  the  carpus  is  isolated  in  the  British  Museum  specimen,  but 
appears  to  include  five  small  bones  in  linear  series. 

The  femur  is  compressed  in  opposite  directions  at  the  two 
extremities,  but  the  expansion  in  either  direction  is  inconsiderable. 

In  the  specimen  B.  536  the  tibia  measures  uoder  1*6  centimetre  and 
the  fibula  over  1*8  centimetre  long.  Hence  the  bones  of  the  hind  Hmb 
are  very  little  longer  than  those  of  the  fore  limb. 

The  Kimberley  specimen  of  Mesoiaurua  has  shown  that  in  both 
genera  the  distaJ  row  of  the  tarsus  includes  five  bones ;  but  the  fifth 
bone  in  Mesosaurus  is  a  minute  ossification  compared  with  that  in 
StereosUmum, 

The  presence  of  the  fifth  distal  tarsal  in  StereoHernym  induced 
Prof.  George  Baur  to  place  the  genus  in  a  new  order  of  reptiles 
under  the  name  *  Proganosauria.'  It  seems  to  me  probable  that  in 
must  animals  in  which  there  are  four  distal  tarsals  the  fourth  is 
formed  by  blending  of  the  fourth  and  fifth,  since  the  fourth  tarsal 
in  them  gives  attachment  to  the  fourth  and  fifth  metatarsals.  And 
if  so,  this  tarsus  is  not  necessarily  so  far  removed  from  the  mam- 
malian type  as  might  appear.  Nor  does  the  persistence  of  the  fifth 
distal  tarsal  neoessarily  assume  the  importance  assigned  to  it  by  Baur. 

Prof.  Cope  remarks  on  Stereostemum : — "  It«  characters  are  only 
like  those  of  some  of  the  Urodele  Batrachia  and  the  Theromorphous 
[Anomodont]  Eeptilia.  .  .  .  The  vertebr«e  might  be  those  of  a  There- 
morph  reptile,  and  the  pelvis  also  agrees  with  that  of  those  animals. 
The  abdominal  rods  are  found  in  species  of  that  order  referred  to  the 
genus  Theropleura.  The  ribs  and  tarsus  are,  however,  of  an  entirely 
different  type.  The  former  would  refer  the  genus  to  the  Rhyncho- 
cephalia  or  the  Sauropterygia,  and  there  is  nothing  known  in  its 
structure  which  positively  forbids  either  reference,  unless  it  be  the 

character  of  the  pelvis The  pubis  is  not  so  large  as  the 

ischium,  and  has  a  foramen  near  its  posterior  border."^ 

The  abdominal  rods  have  never  been  figured  in  any  of  the  genera 
in  which  Prof.  Cope  has  indicated  their  existence.  They  are  dimly 
marked  on  the  British  Museum  Stereostemum,  with  the  same  want 
of  definition  as  the  abdominal  ribs  of  Hyperodapedon,  They  were 
presumably  formed  of  fibro-cartilage,  and  not  ossified  in  the  same 
way  as  in  the  Eimberley  Mesosaurus.  The  foramen  in  the  pubis  is 
interesting,  as  it  appoximates  in  position  to  the  notch  in  the  hinder 
border  of  the  pubis,  which  characterizes  Nothosaurians. 

From  the  sum  of  the  characters  it  may  be  legitimate  to  include 
the  group  within  the  Anomodontia.  But  it  differs  in  some  remark- 
able characters  which  appear  to  be  of  sub-ordinal  value.  The  most 
important  of  these  are  the  mode  of  articulation  of  the  dorsal  ribs, 
seen  in  Mesosaurus ;  the  Edentate  form  of  the  larger  limb-bones  ; 
and  the  structure  of  the  shoulder-girdle.  For  this  small  group 
thus  defined  the  name  ^  Mesosauria '  would  be  convenient,  because 
distinctive. 

These  African  Sauromorpha  closely  resemble  some  genera  from 
the  Trias  of  Europe  in  general  form  and  in  characters  of  the  humerus. 
*  Proe.  Am.  Phil.  Sea  vol.  mil.  (1886)  p.  9. 
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The  most  remarkable  of  these  is  NeusHcosaurus.  When  describing 
that  type  *  I  inferred  from  the  shoulder-girdle  that  it  should  be 
affiliated  to  the  Nothosauria.  Now,  however,  I  believe  that  too 
little  importance  was  then  given  to  the  mode  of  attachment  of  the 
dorsal  ribs.  This  character  entirely  separates  Neustieosaurus  from 
the  Nothosauria,  and  approximates  it  to  the  Mesosauria.  In  all 
Nothosanrians  the  dorsal  ribs  are  carried  upon  exceptionally  stout 
transverse  processes,  which  only  difEer  from  those  of  Plesiosaurus  in 
being  more  massive  and  deeper  ;  while  in  the  Mesosauria  there  is 
no  trace  of  this  relation.  In  Mesosaurus^Stereosternum^djANeuslico- 
Murus  there  is  the  same  barrel-like  contraction  of  the  ends  of 
each  dorsal  centrum,  though  this  is  but  a  family  character.  The 
articular  faces  of  the  centrum  are  conically  cupped  in  the  African 
and  Brazilian  types,  but  in  Neusticosaurus  this  surface  is  flat,  as  in 
associated  genera,  although  the  neural  arch  is  not  anchylosed  to  the 
centrum.  Indeed,  the  European  Neusticosauridee  fall  into  a  family 
which  has  the  tail  short  and  the  neck  long,  and  shows  points  of 
affinity  to  the  Nothosauria ;  while  the  African  Mesosauria  have  the 
neck  short  and  the  tail  long,  and  show  points  of  affinity  to  the 
Anomodontia.  The  Nothosauria  are  nearer  in  affinity  to  the  Ano- 
modontia  than  is  consistent  with  their  inclusion  in  the  order 
Sauropterygia.  The  chief  difficulty  in  recognizing  this  relation  has 
been  in  the  apparent  differences  of  the  shoulder-girdle. 

In  the  shoulder-girdle  referred  to  Nothosauria  mirahilis  (Miinster) 
figured  by  Von  Meyer,  a  small  notch  is  seen  in  the  coracoid,  between 
that  bone  and  the  scapula.  Internal  to  the  notch  the  coracoid 
develops  a  strong  process  which  terminates  abruptly  forward  in  a 
transrverse  but  oblique  line.  The  notch  is  in  the  position  of  the 
foramen  which  in  certain  Anomodont  types  occurs  at  the  junction 
of  the  precoracoid  with  the  coracoid  and  scapula.  Since  an  open 
angle  stretches  forward  between  the  latter  two  bones,  it  is  possible 
that  it  was  occupied  by  a  cartilaginous  precoracoid  during  life,  in 
contact  with  the  internal  border  of  the  scapula  and  the  anterior  border 
of  the  coracoid,  which  have  the  aspect  of  being  articular  surfaces. 
•Such  a  condition  would  make  an  approach  towards  the  Anomodont 
type.  But  in  Neiisticosaurus  there  is  no  trace  of  the  coracoid  notch 
or  foramen,  and  there  are  no  internal  articular  surfaces  in  the 
scapular  arch,  like  those  seen  in  Nothosaurus, 

The  Lariosauridae,  according  to  Deecke,*  have  the  vertebral  cha- 
racters of  the  Nothosauria.  And  although  there  is  similarity  in 
form  in  the  humerus  to  that  of  the  Mesosauria,  there  is  no  such  ent- 
epicondylar  foramen  as  characterizes  the  bone  in  the  genera  so 
grouped.  It  seems  to  be  transitional  between  the  Nothosauria  and 
the  Sauropterygia,  and  to  have  no  near  affinity  with  the  Mesosauria, 
in  so  far  as  detailed  comparison  can  be  made.  But  the  development 
of  a  sacrum  of  many  vertebr®  in  Lariosaurus,  as  figured  by  Zittel,' 

1  Qiiart.  Journ.  Geol.  Soc.  vol.  xjcxviii.  (1682)  p.  360. 

*  Zeitachr.  d.  Deutech.  geol.  Gesellsch.  vol.  xxxriii.  (1886)  p.  170. 

'  '  Handbuoh  der  Palseontologie/  Bd.  iii.  p.  485. 

Q.  J.  G.  S.  No.  192.  2  t 
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makes  a  resemblance  to  Stereosternum,  It  is  possible  that  the  suborder 
Mesosauria  may  be  enlarged  hereafter,  but  at  present  it  seems  to 
me  convenient  to  include  in  it  two  divisions,  the  Frof{[anosauria  of 
Baur  and  the  Neusticosauria.  These  groups  may  be  defined  in  the 
following  classification : — 

§  6.  Classificatioit  of  the  Mesosaubia. 

General  Characters  : — Palate  closed  in  the  median  line.  Teeth 
slender,  prehensile.  Cervical  ribs  with  a  single  articulation.  Dorsal 
ribs  articulated  to  the  anterior  face  of  the  neural  arch.  The 
shoulder-girdle  formed  of  scapular  and  clavicular  arches.  Humerus 
expanded  distally  with  an  ent-epicondylax  foramen.  Digits  ter- 
minating in  claws. 

DiyiBion  I.  Proganoaauria. 

Articular  faces  of  centrum  conically.  cupped.  Coracoid  and 
scapula  anchylosed.  A  large  clavicle  [or  separate 'episcapulae].  A 
sacrum  of  four  vertebr©.  A  foramen  in  the  pubis.  Five  bones  in  the 
distal  row  of  the  tarsus.     Neck  short ;  tail  long. 

South  Africa ;  South  America. 

Division  IL  KensticoBaiiria. 

Articular  faces  of  centrum  flat.  Coracoid  and  scapula  separate. 
Clavicles  relatively  small  [no  separate  episcapulal.  Sacrum  unknown. 
A  notch  instead  of  a  foramen  in  the  pubis.     Neck  long ;  tail  short. 

Europe. 

I  wish  in  conclusion  to  express  my  thanks,  for  the  loan  of  speci- 
mens and  for  facilities  in  making  these  observations,  to  the  Trustees 
of  the  South  African  Museum,  Cape  Town  ;  to  the  Committee  of  the 
Albany  Museum,  Grahamstown ;  to  Dr.  Henry  Woodward,  F.R.S., 
and  the  Ofiicers  of  the  Geological  Department  of  the  British  Museum 
(Natural  History)  ;  and  to  the  Government  Grant  Committee  of  the 
Royal  Society  for  assistance. 

EXPLANATION  OF  PLATE  XVHL 

Fig.  1.  Dorsal  aspect  of  dorsal  rertebne  and  ribe  of  Mesoaaurtu  pleuroffosier 
(Brit.  Mus.,  Nat  Hist.) ;  n  =  neural  arch;  v  =  tranaverse  process; 
c  =  centrum. 

2.  Portion  of  ventral  anhour  of  the  same  specimen.    | 

3.  Ventral  aspect  of  a  specimen  showing  abdominal  ribs. 

4.  Impressions  of  early  caudal  Tcrtebrae;  and  hind  foot  of  the  aame 

animal. 

5.  Ventral  aspect  of  the  anterior  part  of  the  skeleton  of  Mesowttrw  tenui- 

dens  (South  Afr.  Mus.,  Cape  Town). 
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Boyle(Ro6common),fel8pathio  breccias 
near,  Proc.  97. 

Braamfontein,  section,  421. 

Bracknell,  Bagsbot  Beds  at,  54-55, 
485. 

Bradfield,  39,  41. 

Brady,  Dr.  H.  B.,  report  on  Bar- 
badian microzoic  rocks,  195-199. 

Braicb  Melyn,  247,  248. 

Braid  Hills,  Proc.  70,  78  ^  seqq. 

Breccias,  Red,  in  Devon,  age  of,  75- 
77. 

Breociated  structure  in  hornblende- 
rock,  130. 

Brecqhou  rocks,  139,  141. 

Brent  Valley,  age  of  the,  371. 

Brighton,  *head'  and  raised  beach  at, 
267-270. 

Brithdir  quarts-felspar  grit,  244  et 
«CW.,  259-260. 

British  Islee,  periods  of  volcanic  action 
in  the,  Proc,  169. 

Bron-y-foel,  252. 

Bronllwyd  Grit,  245  et  seqq. ;  junction 
of,  with  Pale  Slate,  247. 

Brook  Oliff,  rubble-drift  on,  275. 

Browne,  Mr.  B.  G.  Macklej,  on  the 
Precipitation  and  Deposition  of 
Sea-borne  Sediment,  Proc.  1 84. 

Bryn  OAl,  226. 

Bryn  Derw,  255. 

Bryn  Efail,  section  at,  243-244. 

Bryn  Hafod-y-wem,  fault  at,  245. 

Bryn  Madog,  257. 

Bryn  Ogwen,  247. 

Bryniau  Bangor,  255. 

Brynllwyd,  257. 

Bryoroa,  North  Italian,  153-162. 

Buekhurst,  54. 

Bucklebury  Oommon,  39-40. 

Bucknuin,  Mr.  S.  S.,  on  the  Morpho- 
logy of  '  Stephanoceras*  ^eag, 
447-452. 

Buddo  Ness,  Proc.  1 58. 

Budleigh  Salterton  Conglomerate,  64- 
65. 

Buffelsdoom,  433;  section,  PI.  X. 

Bulimina  trigona^  515. 

Bunter  Beds  in  South  Devon,  64-65, 
68-71. 

Burghfield  Common,  gravel  on,  39. 

Burleigh,  36. 

Burnt  Hill  (Barbados),  205 ;  minute 
structure  of  rock  from,  174. 

Burons  islets,  124. 

Burtley  Heath,  gravel  on,  39. 


Butler,  Mr.  G.  W.,  and  Prof.  G.  A.  J. 
Cole,  on  the  Lithophyses  in  the 
Obsidian  of  the  Kocche  Bosse, 
Lipari,  438-445. 

ButU  Green,  367. 

Cae  Seri,  257. 
Caerhihi,  259. 
Oaemarvonahire,  Bev.  J.  F.  Blake  on 

rocks  mapped  as  *  Cambrian  *  in, 

24a-262. 
Csesar's    Camp    (Aldershot),    section 

near,  32. 
Cairo,  481. 
Calcareous  and  calcareo-siliceous  marls 

of  Barbados,  173. 
Calceola  Beds,  377  et  seqq. 
Calcified  earths  of  Barbados,  176-177. 
Caldy  Island,  ossiferous  Bssures  on, 

320. 
Caledonia,  Lake,  Proc.  67  ei  seqq, 
Camberley,  gravel  at,  34. 

*  Cambrian '  in  Caernarvonshire,  Bev. 

J.  F.  Blake  on  rocks  mapped  as, 
243-262. 

Campsie  Fella  plateau,  Proc.  107  et 
seqq. 

Cane  Garden  (Barbados),  216. 

Canefield  (Barbados),  Oceanic  De- 
posits at,  208;  basal  chalk  from, 
173,  177;  red  earth  from,  181. 

Canterland,  Den  of,  Proc,  86. 

Carapace  in  trilobitee,  235. 

CarboDooeous  rocks  in  Egypt,  483, 
484. 

Carboniferous  volcanic  rocks,  Proc, 
104-147. 

Careg  Ludan  grit,  250. 

Careg-y-Fedwen,  259. 

Careg-y-Gath.  257. 

Caribbean  region,  change  in  physical 
geography  of  the,  221-22o,  536- 
538. 

Caroni  Series  of  Trinidad,  520. 

Carson,  Mr.  A.,  on  the  Rise  and  Fall 
of  Lake  Tanffanvika,  401-403. 

Cassidulina  subgUmsa^  197. 

Castle  Grant  (Barbados),  Oceanic  De- 
posits near,  206-208;  minute 
structure  of  rocks  from,  174-176, 
180, 181. 

•  Cataract '  rook  of  Upper  Egypt,  576 

et  seqq. 
Cattedown  Cave,  ossiferouB  breccia  in, 

319. 
Cawsand,  'felspathio  trap'  at,  498- 

500. 
Cawsand  Bay,  raised  beach  and '  head* 

in,  279-280. 
Cedar  Grove  (Trinidad),  rook  from, 

219. 
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Ceritkioides,  67S, 

Cetioeauria,  group  of  the,  Proe,  x88- 

189. 
Cbalk,  English  and  Barbadian,  com> 

pared,  179-180. 
Ohalkj  earths  of  Barbados,  173. 
Chalky  Mount  (Barbados),  204. 
Chapman,  Mr.  F.,  on  Microzoa  from 

the  Phoephatio  Chalk  of  Taplow, 

514r^l& 

Ohavey  Down,  33^34,  36,  43. 

Chemical  oompoeition  of  Barbadian 
rooks,  182-19a 

Cherry  Tree  Hill  (Barbados),  211. 

Chesilton,  marsh-shellii  at,  278. 

Cheviot  Hills,  porphyrites  of  the, 
I^oc,  74-75,  93 ;  trachytes  of  the, 
Proo.  76. 

Chichester,  mbble-drift  near,  271 ; 
raised  beaoh  near,  272. 

Chilton  (Berks.),  rubble-drift  at,  312- 
313. 

Chilton  Trinity,  raised  beaoh  at,  286. 

Chimborazo  (Barbados),  Oceanic  De- 
posits near,  206-208 ;  minute  struc- 
ture of  rocks  from,  174. 

Chimes  Mine  and  Heidelberg  districts 
(Transraal),  geology  of,  429-432. 

Chit  Book,  65. 

Chobham  Bidges  type  of  Southern 
Drift,  33-37. 

Chobham  Ridges,  section  from,  to  the 
Hale  Bourne,  42. 

Chwarel  Fawr.  250. 

Cinderella  Gold-mine,  415-416. 

Classification  of  the  Mesosauria,  604. 

Claypole,  Prof.  E.  W.,  on  the  Struc- 
ture of  the  American  Pteraspidian, 
Palaaspis  (Claypole),  542-561. 

Clays,  fine,  of  Barbados,  181 ;  blue, 
of  Upper  Egypt,  576  et  aeqq. 

Clelana  (BarMuios),  Oceanic  Deposits 
at,  211. 

Cleland  Hill  rooks,  minute  structure 
of,  173, 175. 

Clevedon,  *head '  near,  287. 

ClofTwyn  Mawr,  246. 

ClufTs  Estate,  rock  from,  17a 

Clynnog,  247. 

Coast-caTes,  fauna  of  the,  304-^06. 

Cocooliths  in  Barbados  rocks,  177- 
179;  in  Trinidad  rocks,  529,  539. 

Coch  WinlUn,  251,  256. 

Cockcrow  Bock  (Barbados),  211. 

Codrington  (Barbados),  Oceanic  De- 
posits at,  205-206;  minute  struc- 
ture of  rocks  from,  173,  174. 

Coed  Madog,  255. 

Caloca/ulu8,  572. 

Cole,  Prof.  G.  A.  J.,  and  Mr.  G.  W. 
Butler,  on  the  Lithophyses  in  the 


Obsidian  of  the  Booehe  Bosse, 
Lipari,  438-445. 

Cole's  Care  marl,  215. 

Comparison  of  the  Bed  Bocks  of  South 
Devon  with  those  of  the  Midland 
and  Western  Counties,  60-67. 

Concretions,  irony,  in  Bagahot  Beds, 
43,  44 ;  siliceous,  in  Barbados 
rocks,  175-176. 

Conglomerates,  gold-bearing,  soudi 
of  Johannesburg,  416-418. 

Conglomerates,  north  of  Main  Beef 
Series  (Transraal),  418-420. 

Consei  Bay  rook,  174. 

Contemporaneous  character  of  Devon 
•  felspatbio  traps,*  497-498. 

Contortions  in  gravel,  35,  36. 

Coomb  End  Limestone,  ^9. 

Coombe  Wood,  53. 

Coppid  Beech  Lane,  gravel  at,  36-^7  ; 
Bagshot  Beds  at,  M. 

Cornwall  and  Devon,  Tolcanie  rocks 
in,  Proe,  159. 

Correlation  of  South  African  strata, 
406. 

CorryN'Eoin  glacier.  12-13. 

Cotteswolds,  rubble-drift  on  the,  314- 
315. 

Coup^,  the,  126, 134, 143. 

Craig-Uwyd,  258. 

Cras8oharnera  arbuactda,  160. 

Crawford,  Mr.  J.,  Kotes  from  a  Geo- 
logical Survey  in  Nicaragua,  Proe. 
191-IQ2. 

Cray  Yalley,  rubble-drift  in  the,  309. 

Cretaceo-Eocene  succession  in  Trini- 
dad, 538. 

Creux  Harbour  gneiss,  l2Set  seqq. 

Crisia  subssqiuilis,  154. 

Crushing,  effects  of,  391. 

Crystalline  rocks  of  Sark,  122-146. 

Crystalloids  in  Barbados  rocks,  177- 
179. 

Cuba,  radiolarian  eartha  in,  221. 

Cuckmere  Yalley,  267. 

Cumberland,  Agelacrinites  from,  150- 
152. 

Cydostomata,  Mr.  A.  W.  Waters  on, 
153-162. 

Cym-y-Bwch,  high-level  Glacial  gra- 
vels near,  86-93. 

Cysteohinus  craasns,  194. 

Dacrytherium   otnnufn,  Mr.  B.    I^- 

dekker  on,  1-4. 
Dadd;^   Hole  Limestones,  378-^79; 

residues  from,  384. 
Dal^ns,  Mr.  J.  B.,  and  Mr.  J.  J.  H. 

Teall,  on  the  Plutonic  Boeks  of 

Garabal   Hill    and    Meall   Breac, 

104-120. 
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Dalmellington  coalfield,  necks  in  the, 

Proc.  154 ;  sills  in  the,  Proc.  159. 
Dartmoor,  rubble-drifts  near,  318. 
Dartmoor  granite  and   Devon    'fel- 

Bpntbic  traps,'  connexion  between, 

498-499. 
Dawlisb,  raised    beach    and    'head' 

near,  279. 
Dajmer  Bay,  beach-reef  in,  282. 
Deeside  granite,  120. 
Definition   of    Palaaspis,    amended, 

661. 
Defrancea  brendoUnsuty  161. 
Dentition  of  Delphinoffiuifhtts   cono- 

cephalus,  47S-474 ;  of  Endoihiodon 

batkystamay  47^-479, 
Derby,    Mr.    Orville  A.,   award    of 

balance  of  proceeds  of  WoUaston 

Donation  Fund  to,  Proc.  30. 
Dermal  armour  of  Polacanthus,  149. 
Derrible  Bay,  125,  127  et  seqq, 
Dewn,  Permian   volcanic    rucks  in, 

Broo.  159-162. 
Devonian  volcanic  rooks,  Proc,  loi- 

104. 
Devonshire,  Duke  of,  obituary  notice 

of,  Pro€,  48-49. 
Diabase-lavas  of  the  Pentlands,  Proe. 

73- 

Diagram  of  Godrevj  Beach,  281 ;  of 
a  G-ower  Coast  Gave,  290 ;  of  cliff 
in  Whitesand  Bay,  294 ;  of  rubble- 
drift  on  Malvern  Hill,  316;  of 
rubble-drift  and  stream-tin  de- 
tritus, 317 ;  of  formation  of '  head,' 
333 ;  showing  direction  of  currents 
on  a  hill-range  during  uplift,  339 ; 
of  erratic  blocks  embedded  in 
Bracklesham  Clays  at  Selsey,  348 ; 
of  embankment  near  southern  end 
of  Lake  Tanganyika,  402  ;  showine 
molecular  relations  of  baaes  and 
silica  in  certain  plutonic  rocks, 
facing  p.  116. 

Diastopora  tenuis,  154;  D.  suborbicu- 
laris,  164 ;  D,  brendoUnma^  156. 

Diatomaceous  earths  of  Barbados,  194. 

JHehobune  ovina,  1,  3. 

Dinas  Bay,  294. 

Dinas  Dinorwig,  250,  259. 

Dinas  Mawr,  256,  257. 

Dingle  Beds,  Proe,  97-98. 

Diorite,  in  the  W.  HighUnds,  104  et 
seqq. 

Diplaspis  (Matthew),  discovery  of, 
046-648. 

Dirrington  Laws,  Proc.  86. 

Ditrupa-rock  of  Trinidad,  531,  640. 

Dixcart  Bay,  125  et  eeqq. 

Doleritos  of    the    puy-series,    Proc. 


Dolomite  crystals  in  Devonian  lime- 
stone, 381-382. 

Dolomitio  grit,  234. 

Donald,  Miss  Jane,  on  some  new  and 
little-known  species  of  Carbo- 
niferous Murchisonia,  662-575. 

Donations  to  the  Librarv,  Proc.  193. 

Dorset,  rubble-drift  in,  ^20. 

Dove  Point,  99. 

Dover,  rubble-drift  at,  264. 

Dover,  Mr.  W.  K.,  obituary  notice  of, 
Proc.  50. 

Dowles  Farm  sandpit,  63. 

Drew,  Mr.  Frederic,  obituary  notice 
of,  Proc.  49-50. 

Dumyat,  agglomerates  of,  Proc.  83. 

Duncan,  J^f.  P.  Martin,  obituary 
notice  of,  Proc.  47-48. 

Dundee  Law,  Proc.  70,  88. 

Dundonnell  Forest,  physical  features 
of.  227-228. 

Dungoil,  Hill  of,  Proc.  120. 

Dunscombe  Limestone,  379-380 ; 
residues  from,  385. 

Durness  Limestone,  228  ei  eeqq. 

Dust,  volcanic,  in  Barbados,  181. 

Dykes  and  sills.  Lower  Old  Bed 
Sandstone,  Proc.  76-78,  91-93 ; 
plateau-series,  Pro0. 122-12  3;  puy- 
series,  Proc.  140-143 ;  Tertiary, 
Proc.  163-164,  166. 

Dykes,  faults,  and  igneous  rock- 
masses  of  the  Witwatersrandt,  425- 
427. 

Eagle's  Nest  (Transvaal),  417 ;  section, 

PLX. 
Barley  Court,  45. 
Earthquakes  in  Tanganyika  District, 

403. 
Eastbourne,  rubble-drift  at,  266. 
Edfu,  483. 

Bigg,  Scuir  of,  Proc.  168. 
Ekersund  ore-deposits,  119. 
Ellesmere  Port,  section  from,  to  Ince 

Ferry,  100. 
Emerald  Mines  of  Upper  Egypt,  the, 

580-581. 
Enoombe,  rubble-drift  at,  277. 
Endsleigh  Gkirdens,  section  in,  458- 

461. 
Endsleigh    Street,    mammoth    and 

other  remains  in,  456-456. 
Bnstatite,  in  plutonic  rocks  of  Gara- 

bal  Hill,  etc.,  109. 
Entalophora  raripora,  157;   E.  piU- 

chella,  158 ;  E.  tenuissima,  169. 
Bperqueries  granite,  125 ;  dyke  in  the, 

140-141. 
Erosion  of  the  Glacial  drift,  subter- 
ranean, 96-103. 
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Emtio-eraTel  of  Selsey  Bill,  347-^354. 

Esneh,  481,  483. 

Essential  minerals  of  plutonie  rooks, 

108-111. 
Eunotosaurus  qfricanus,  Prof.  H.  G. 

Seeley  on,  583-585. 
Euskelesaurus  Browni,  Proc.  190. 
Exe  valley,  an  old  estuary,  278. 
Exmouth,    Bed    Bocks    near,    62  ei 

segq.,  72. 

Fachell  quarries,  259. 

Fair  Head,  sills  of,  Proc,  166. 

Falmouth,  raised  beach  and  *  head ' 
near,  280. 

Farallon  (Trinidad),  islet  of,  523. 

Farley  Hill,  37.  53,  486. 

Farley  HUl  (Barbados),  211. 

Famham  Park  to  Blackwater  B., 
section  from,  31. 

Faulted  boundary  between  Cambrian 
and  Silurian  in  Oaemarvonshire, 
244-247. 

Faults,  dykes,  and  igneous  rock- 
masses  of  the  Witwatersrandt,  425- 
427. 

Fauna  of  the  coast-cayes,  304-306; 
of  the  rubble-drifl,  322. 

Fayershami  rubble-drift  near,  308- 
309. 

Felin  Fawr,  250. 

Felin  Hen,  section  near,  253, 258, 259. 

Felsites  of  the  Lower  Old  Bed  Sand- 
stone, Proc,  76;  of  Sark,  139-140. 

Felstone  dykes  of  Sark,  139-140. 

Ffridd-y-fedw,  248. 

Fife,  East,  Permian  yoloanic  rocks  in, 
Proc.  157-158. 

Filisparsa  yarians,  157;  F.  astalis(?), 
157. 

Finchampstead  Bidges,  36. 

'  Fins'  of  Pa^<«MpM,  553-557. 

Fistral  Bay,  raised  beach  in,  281; 
section  in,  282. 

Flow-structure  in  Oawsand  and 
Withnoe  rocks,  500. 

Floyer,  Mr.  £.  A.,  on  the  Geology  of 
the  Northern  Etbai,  576-581. 

Folkestone,  rubble-drift  at,  265, 30&- 
310. 

Foraminifera  in  Barbados  rocks, 
table  of,  198-199 ;  from  the  Taplow 
Chalk,  list  of,  516-517;  from 
Trinidad  miorozoic  rocks,  532-535. 

Foraminiferal  beds  of  Barbados,  che- 
mical composition  of  the,  184-187 ; 
foraminiferal  muds  (Barbados),  215 ; 
limestone,  ibid.,  216 ;  marls  of  Tri- 
nidad, 521  et  aeqg,,  539. 

Foreign  boulders  in  raised  beaches, 
origin  of,  295-298. 


Fore  limbs  of  Meaoeaurus,  595  et  segq. 
Forgia  Veochia  laya,  438. 
Fremington,  raised  beach  and  '  head ' 

near.  283. 
Freshwater  Ghte,  274,  276. 
Fronheulog,  256. 
'  Fucoid  Beds,'  228  et  segq. 

Gkbbros,  Tertiary,  Proc.  166-167. 

Garabal  Hill,  plutonie  rocks  of,  104- 
120. 

Garlton  Hills,  Proc.  loS  ;  analysis  of 
rocks  from  the,  Proc.  1 1 1 .  1  ii. 

Geikie,  Sir  A.  (President),  Address  on 
handing  the  Wollaston  Medal  to 
Mr.  W.  Topley  for  transmission 
to  Baron  F.  von  Bichthofen,  Proc 
7,9  ;  Address  on  presenting  the 
Murchison  Medal  to  Prof.  A.  H. 
Green,  Proc.  31 ;  Address  on  pre- 
senting the  Lyell  Medal  to  Mr. 
G.  H.  Morton,  Proe.  33  ;  Address 
on  handing  the  balance  of  the  pro- 
ceeds of  Uie  Wollaston  Donation 
Fund  to  Mr.  H.  Bauerman  for 
transmission  to  Mr.  O.  A.  Derby» 
Proc.  30;  Address  on  presenting 
the  balance  of  the  proceeds  of  the 
Murchison  Geological  Fund  to  Mr. 
Beeby  Thompson,  Proc.  32 ;  Address 
on  presenting  one  half  of  the 
balance  of  the  proceeds  of  the  Lyell 
Geological  Fund  to  Mr.  J.  W, 
Gregory,  Proc.  34;  Address  on 
presenting  tiie  other  half  of  the 
said  balance  to  Mr.  Edw.  A.  Wal- 
ford,  Proc.  3  5 ;  Address  on  handing 
the  proceeds  of  the  Barlo w-J  ameson 
Fund  to  Dr.  W.  T.  Blanford  for 
transmission  to  Prof.  C.  Mayer- 
Eymar,  Proc.  3  5 ;  Address  on  pre- 
senting the  Murchison  Centenary 
(Memorial)  Fund  to  Messrs.  B.  N. 
Peach  and  J.  Home,  Proc.  36-37  ; 
Anniversary  Address,  Feb.  19tii, 
1892:— Obituary  Notices  of  De- 
ceaaed  FeUowa:  Sir  Andrew  C. 
Bamsay,  Proc.  38-47;  Prof.  P. 
Martin  Duncan,  l^¥oo.  47-48 ;  the 
Duke  of  Devonshire,  Proe.  48-49 ; 
the  Earl  of  Northesk,  Proc.  49; 
Mr.  Frederic  Drew,  Proe.  49-50 ; 
Mr.  W.  K.  Dover,  Proe.  50 ;  Mr. 
B.  B.  Grantham,  Proc.  50-5 1 ;  Mr. 
J.  Thornhill  Harrison,  Proc.  51-52 ; 
Sir  John  Hawkshaw,  Proc.  52-53  ; 
Mr.  S.  OoUett  Homersham,  Proe. 
53-54;  Mr.  E.  B.  Lindon,  Proc. 
54;  Mr.  Thos.  Boberts,  Proe.  54; 
Mr.  C.  S.  Wilkinson,  Proe.  54-55 ; 
Mr.  T.  P.  Barkas,  Proc.  55 ;  Dr. 
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Job.  Leidy,  Proc,  55-58 ;  Prof.  0. 

Perd.  von   Romer,  Froc.    58-60  ; 

and  Baron  A.  de  Zigno,  Ptic.  60 ; 

Address  on  the  History  of  Yoloanio 

Action  in  the  British  Isles,  from 

the  end  of  the  Silurian  period  down 

to  older  Tertiary  time,  Proe,  60- 

179  : — Old  Bed  Sandstone,  Proc. 

62-101 ;  Deyonian,  Proc.  101-104; 

Carboniferous,  Proc,  104-147  ;  Per- 
mian,   Proc.    147-162;    Tertiary, 

Proc.  162-168. 
Gelli,  256. 
GendHlogy  of  (Steph.)   zigzag-writm, 

table  showing  the,  451 . 
Geological   Oongrees,    International, 

Proc.  184,  187. 
Germiston    (Transyaal),   beds    near, 

418. 
Gibflon,  Mr.  Walcot,  on  the  Geology 

of  the  Gold-bearing  and  Associated 

Bocks  of  the  Southern  Transvaal, 

404-436. 
Glacial  drift,  subterranean  erosion  of 

the,  Mr.  W.  Shone  on,  96-lOa 
Glacial  gravels  south  of  Thames,  40- 

41.  44-45. 
Glacial  gniTels  at  Gloppa,   Cym-y- 

Bwch,  near  Oswestry,   Mr.  A.  0. 

Kicholson  on,  86-U3. 
Glacially-striated  erratic  from  Selsey 

Bill,  photograph  of,  352. 
Glan-y-gors,  247,  248,  250. 
GlenCollarig,12. 
Glen  Glaster,  10  et  aeqq. 
Glen  Gluoy,  7,  15,  17. 
Glen  Logan  thrust-plane,  231. 
Glen  Roy,  Mr.  T.  F.  Jamieeon  on, 

5-27. 
Glen  Spean,  ice-dam   at  mouth  of, 

12-13;  dispersion  of  boulders  from, 

23-24. 
Globigeriua-marls  of  Trinidad,  521  et 

seqq, 
Globigerina-oozes;  186, 197. 
Gloppa,  sections  at,  87,  88,  89 ;  mol- 

lusca  from,  91-93. 
Gloucester,  marine  beds  near,  287. 
Glyn  Peris  Hotel,  rocks  near,  254, 

256. 
Gneisses,  eta,  of  Sark,  122-146. 
Goathurst  Hill,  36,  55. 
Godrevy,  raised  beach  and  '  head  '  at, 

281. 
Gold-bearing  conglomerates,  south  of 

Johannesburg,  416-418. 
Gx>lden  Vale  of  Limerick,  puys  in  the, 

Proc.  128. 
Goldsworthy  Hill  section,  48-49,485, 

487. 
Goniatite  Limestone,  the,  380. 


Goniostropha,  563-564. 

Gk>rdon  6(^uare  and  Gordon  Street, 

sections  in,  461-466. 
Gouliot  Caves,  142. 
Gower  Caves,  289-290. 
Grange  (Fife),  vent  near,  Proc.  136- 

Granite,  porphyritic,  in  the  W.  High- 
lands, lOdei  seqq. 
Granite  vein  in  banded  gneiss,  134. 
Granophyric  quartz-diorite,  Proc.  77, 

87. 
Grant's  Bay  (Barbados),  211-212. 
Grantham,  Mr.  B.  B.,  obituary  notice 

of,  Proc.  50-51. 
Granulitic  Group  (Lizard),  123,  124, 

125. 
Gravels  south  of  the  Thaioes,  Mr.  H. 

W.  Monokton  on,  29^5. 
Gravel  Pit  Hill  (Easthampstead),  34. 
Gravity,  specific,  of  plutouic  rocks, 

107. 
Grays  Thurrock,  sections  on  the  new 

railway,  365. 
Great  Autelet,  141. 
Green.  Prof.  A.  H.,  Murchison  Medal 

awarded  to,  Proc.  31. 
Green  Slates  ('  Cambrian*),  249. 
Greensand    Shell-bed,  South   Napa- 

rima,  524,  540 
*  Greenstone'  dykes  of  Sark,  140. 
Gregory,  Mr.  J.  W.,  award  of  one 

half  of  balance  of  proceeds  of  the 

Lyell  Geological  Fund  to,  Proc.  34 ; 

on  ArcJuBopneusfea  abruptits,  163- 

169  ;  on  Trinidad  Microzoic  Bocks, 

538-541. 
Grenade  Hall  (Barbados),  204. 
Gres  feldspathique,  398. 
Greve  de  la  Ville,  125,  139. 
Grey  mudstones  of  Barbados,  180- 

181. 
Grimsbury  Castle,  40. 
Griqualand  West,  NesosauruB  tenui- 

dens  from,  591. 
Groves  (Barbados),  210. 
Guernsey  rocks,  banded  structure  in, 

134-137. 
Guildford  and  Newbury,  gravels  be- 

Ghiildford,  rubble-drift  near,  310-311. 
Guppy,  Mr.  E.  J.  L.,  on  the  Tertiary 

Microzoic  Formations  of  Trinidad, 

West  Indies,  519-538. 

Hale  Bourne,  section  from  Ohobham 

Ridges  to  the,  42. 
Halleflintas,  *  Cambrian,'  244  et  eeqq.^ 

254-257. 
Hamata,  578. 
Hamp.^re,  rubble-drift  in,  320-32]. 
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Harlech  GMts,  245. 

Harrison,  Prof.  J.  B.,  and  Mr.  A.  J. 

Jukes-Browne,  on  the  Geology  of 

Barbados.— Fart  II.  The  Ooeanio 

Depsits,  170-225. 
Harrison,  Mr.  J.  Thomhill,  obituary 

notice  of,  Proc.  51-5*. 
Harrison's  Gave  rock,  216. 
Hartford  Bridge  Flats,  35-36. 
Hans,  Plutonic  rocks  in  the,  120. 
Haslithal,  section  in  the,  392. 
Hause  Gill,  508, 510. 
Havre  Gosselin,  125, 142-143. 
Hawkshaw,  Sir  John,  obituary  notice 

of,  Proc,  52-53. 
Hayling  Island,  drift  in,  273. 
Hayti,  radiolarian  earth  fVom,  219. 
Hazeley  Heath,  37. 
'Head'  of  Southern  England,  Prof. 

J.  Prestwich  on  the,  263^43. 
Hebrides,  Inner,  volcanic  rocks  in  the, 

Proc,  166  et  aeqq. 
Heckfleld,    sketch-map    of    country 

round,  38. 
Heckfleld  Heath,  37. 
Heidelberg  (Transvaal)  and  Chimes 

Mine  districts,  geology  of,  429-432. 
Heighton,  rubble-drift  at,  267. 
Henry  Nourse  Gold-mine,  412-414; 

section  in,  411. 
Hermitage    (Trinidad),    rock    from, 

219. 
Heteropora  subreticulata,  162. 
Hicks,  Dr.  Henry,  on  the  Discovery 

of  Mammoth  and  other  Bemains  in 

Bndsleigh  Street,  and  on  sections 

exposed    in    Endsleigh    Gardens, 

Gordon    Street,    Gordon    Square, 

and    Tavistock    Square,    London, 

453-468. 
High  Peake  cliffs,  68. 
High-level  Glacial  gravels  at  Gloppa, 

86—93. 
Hill,  Eev.  Edwin,  and  Prof.  T.  G. 

Bonney,  on  the  Hornblende-schists, 

Gneisses,    and    other    Crystalline 

Bocks  of  Sark,  122-146. 
Hill,  Mr.  W.,  report  on  Barbados 

microzoic  rocks,  172-176, 177-180, 

216. 
Hillaby,  Mount,  Oceanic  Deposits  at, 

202,  209-211 ;  minute  structure  of 

rocks  from.  173,  174,  180,  181. 
Hind  limb  of  Mesoaaurus^  589-590. 
Hobeon,  Mr.  B.,  on  the  Basalts  and 

Andesites  of  Devonshire,  known  as 

'  Felspatbic  Traps,'  496-507. 
Hogue  a  la  Perre,  135. 
Holaspis,  Lankester,  545-546. 
Hollow  spherulites  in  altered  rocks, 

443-444. 


Holmes,  Mr.  T.  T.,  on  sections  be- 
tween Upminster  and  Bom  ford, 
365-370. 

Holmia,  236. 

Homersham,  Mr.  S.  OoUett,  obituary 
notice  of,  Proc.  53-54. 

Hope's  Nose,  raised  beach  and '  head ' 
at,  279. 

Hope's  Nose  Limestones,  377-378; 
residues  from,  383-384. 

Hornblende,  in  plutonio  rocks  of 
Garabal  Hill,  etc,  109. 

Hornblende-schists,  etc.,  of  Sark,  122- 
146. 

Hornohuroh,  366  et  aeqq, ;  section  and 
map,  368. 

Home,  Mr.  J.,  award  of  Murchison 
Centenary  Fund  to,  Proc.  37  ;  and 
Mr.  B.  N.  Peach  on  the  OUnellw- 
Eone  in  the  North-west  Highlands 
of  Scotland,  227-240. 

Humera  ooucatenata,  159 ;  ZT.  semUa, 
159;  H.  (upenOa,  160;  H.  firondi- 
culata,  160. 

Hortalotarsus  skirtopodus,  Proc.  190. 

Houghton  Gold-mine,  422,  423. 

Hove,  section  at,  270. 

Hoy,  island  of,  Proc.  loo-ioi. 

HuK  (Christiania),  dyke  near,  119. 

Hall,  Prof.  Edw.,  a  Comparison  of 
the  Red  Bocks  of  the  South  Devon 
coast  with  those  of  the  Midland 
and  Western  Counties,  60-67. 

Hullus,  peaks  of,  576, 578. 

Hurlet  (Main)  Limestone,  Proc.  116, 
123. 

H^olithes,  230.  240. 

Ifypergonia,  564-572. 

Hythe,  rubble-drift  at,  265. 

Idmonea  ooncava,  156 ;  /.  reticulata, 

156. 
Igneous  rocks  of  the  Southern  Trans- 
vaal, 434. 
Igneous  rock-masses,  dykes,  and  faults 

of  the  Witwatersrandt,  425-427. 
Ilfracombe,  rubble-drift  near,  318- 

319. 
Ince  Ferry,  section  from,  to  Ellesmere 

Port,  100. 
Inchcolm  picrite,  Proc.  131. 
Included  masses  of  homblendic  rock 

(Sark),  127-138. 
Ingreboume,  the,  367  et  aeqq. 
Inland  range  of  rubble-drift,  306-322. 
Instow,  raised  beach  at,  283. 
Interglacial  period,  359,  361. 
International    G^logical    Congress, 

Proc.  184,  187. 
Intrusive  dykes  in  ' felapathic  traps' 

of  Devon,  499-^1. 
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Intruflive  rooks,  later,  of  Sark,  1S9- 
144. 

InTeranian,  104. 

Iron  ore,  in  plutonio  rooks,  106. 

Ironsand  in  Nile  water,  481. 

Irrinc,  Bot.  A.,  sapplementary  Note 
to  &e  paper  on  the  '  Bed  Books  of 
the  Devon  Coast-section'  (Q.  J.G.S. 
1888),  68-77 ;  on  the  BagshotBeds 
of  Bagshot  Heath,  485-486. 

Isle  of  Wight,  Jkurytherium  ovinum 
from  the,  1-4;  Folaoanthus  from 
the,  148-149;  rubble-drift  and 
raised  beaches  in  the,  274-277. 

Italian  (North)  Bryozoa,  Mr.  A.  W. 
Waters  on,  153-162. 

Ithell*s  sandpit,  section  at,  97. 

Jamaica,  White  Limestone  of,   180, 

219-220;  pteropod  ooze  of,  220- 

221. 
Jamieson,  Mr.  T.  F.,  supplementary 

remarks  on  Glen  Bioy,  5. 
Javan  foraminiferal  muds,  215-216. 
Jebel  Dukhan,  576 ;  J.  Ferayeg,  576; 

J.  Fatirah.  577 ;  J.  Zabara,  579. 
Jeppe's  Township,  section  near,  418- 

Joe's  Birer  (Barbados)  rock,  174. 
Johannesburg,    features    of    district, 

409 ;    gold-bearing    conglomerates 

south  of,  416-418 ;  lower  quartzite- 

and-fthale  group  north  of,  420-423 ; 

section,  421. 
Johnson  Pasha,  £.  A.,  and  Mr.  H.  D. 

Bichmond,  on  the  Geology  of  the 

NUe  Valley,  481-484. 
Jukes-Browne,  Mr.  A.  J.,  and  Prof.  J. 

B.  Harrison,  on  the  Geology  of 

Barbados.— Part  II.   The  Ooeanio 

Dej^siU,  170-225. 
Junction  of  Bronllwyd  Grit  and  Pale 

Slates,  247. 

Xalabsheh,  483. 

Kemp  Town,  section  at,  268. 

Keneh  (Kina),  482.  576. 

Kent  and  Sussex  Chalk  district,  rub- 
ble-drift in,  321-322. 

Keuper  Series  in  South  Devon,  66, 
68-71. 

Khareit  yalley,  577. 

Kilbirnie,  Proc.  117,  124, 

Killerton,  Mica-augite-andesite  of, 
607. 

Kilpatrick  Hills,  Proc.  116. 

Kilsyth,  Proc,  xi8. 

Kimberley,  Mesoaaurua  pieurogasCer 
from,  587. 

Kina  (Keneh),  482,  576. 

Kirson  Hill,  section  at,  318. 


Klerksdorp  and  Kroonstad  districts, 

geology  of  the,  433. 
Kolosna,  482. 
Komombo,  483. 
Kosair,  576. 
Kunth's  diaooTery  of  Pteraspia  Integra, 

543-544. 

Labrador  Hotel,  62. 

Lackenby,  boring  at,  491. 

Lake- basins  of  the  Old  Bed  Sand- 

.  stone,  Proc,  6$  et  aeqq. 

Lake-margin  in  Glen  Boy,  action  of 
the,  20-23. 

Laminated  Grits,  Blue,  244,  258- 
259. 

Lamport,  150. 

Land's  End,  raised  beaches  and  *  head ' 
near,  281. 

Lapis  psaronius,  577. 

Largo  Law,  Proc.  158. 

Lateral  plates  of  Palaaspia,  551-553 ; 
lateral  organs, '  fins,'  of  Palmaspis, 
553-557. 

Lavas  and  tuffii,  bedded,  in  Lower 
Old  Bed,  Prw.  80-86 ;  of  the  pla- 
teau-series, Proc,  1 1 5-1 18;  of  the 
puy-series,  Proc.  138-140;  in  the 
Permian,  Proc.  150-153. 

Leasowe,  99. 

Leidy,  Dr.  Joe.,  obituary  notice  of, 
Proc.  55-58.  « 

Lepidoditcus  MiUeri^  n.  sp.,  150-152. 

Lichenopora  hispida,  161;  Ir.(?)  in-' 
cmatans,  161-162. 

Lightfoot's  (Barbados)  rock,  216. 

Limerick,  puys  in  the  Golden  Vale  of, 
Proc.  128. 

Limestone,  White,  of  Jamaica,  180, 
219-220. 

Limestones  in  Nile  Yalley,  481  et 
segq, ;  of  South  Devon,  insoluble  resi- 
dues in,  and  microscopic  structure 
of,  377-387. 

Lindequisfontein,  432. 

lindon,  Mr.  £.  B.,  obituary  notice  of, 
Proc.  54. 

Liquid  inclusions  in  DeTonian  lime* 
stonee,  387. 

Litde  Knott,  piorite  of,  512,  513. 

Little  Sark,  140. 

Llanberis.  246,  251. 

lilyn-Padam,  251,  254 ;  age  of  felsito 
of,  261. 

Llys  Dinorwig,  255. 

Localities,  list  of  (Devon  *  felspathio 
traps'),  601-502. 

Loch  an  Nid,  sections  near,  231-232. 

Loch  Kishom,  234,  235. 

Loch  Maree,  227, 234. 

London  Clay  in  Bssez,  365  d  teqq. 
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Long  Hole  Cave  (Gower),  290. 

Long  Lane  (Loxbear),  baaalt  of,  506- 
607. 

*Longram/135, 147. 

Lome  basin,  Proc.  95-96. 

Lower  Bagshot  Beda,  marine  fosdls 
in,  487. 

Lower  Carboniferous  Limestone,  new 
form  of  Agelaerinitu  from  the, 
150-152. 

Lower  Donscombe  Limestone,  379- 
380  ;  residues  from,  385. 

*  Lower  Freshwater  Series,'  49,  51. 

Lower  Old  Red  Sandstone,  contem- 
poraneous Yolcanio  rocks,  Proc.  62- 

99- 

Lower  Permian  breooia,  62-63. 

Lower  Bed  Sandstones  of  Devon,  72- 
75. 

Lukuga  river,  blocking  up  of  the, 
401,  402. 

Lummaton  Limestones,  379 ;  residues 
from,  384-385. 

Luxor,  482,483. 

Lydekker,  Mr.  B.,  on  Daerytherium 
ovinum  from  the  Isle  of  Wight  and 
Quercy,  1-4 ;  on  part  of  the  Pelvis 
of  Polacanthus,  148-149;  on  the 
occurrence  of  the  so-called  Viverra 
HastingtUB  of  Hordwell  in  the 
French  Phosphorites,  373-374 ;  on 
•  two  Dinosaurian  Foot-bones  from 
the  Wealden,  375-376. 

Lyell,  presentation  of  bust  of,  Proc, 
'186. 

Lyell  Geological  Fund,  award  of 
balance  of  proceeds  of,  to  Messrs. 
J.  W.  Gregory  and  Edw.  A.  Wal- 
ford,  Proc.  34.-35;  Lyell  Medal 
awarded  to  Mr.  G.  H.  Morton, 
Proc.  33. 

Maghagha,  great  fault  at,  482. 
Magnesian  Limestone  in  Tees  District, 

4^9  et  seqq. 
Main  (Hurlet)  Limestone,  Proc.  116, 

123. 
Main  Beef  Series  (Witwatersrandt), 

410-416. 
Malvern  Hills,  rubble-drift  on  the, 

315-316. 
Mammalian    remains    in     Endsleigh 

Street,  457-458. 
Manganese  in  limestones  of  Egypt, 

482. 
Manorbeer  Bay,  293. 
Manzanilla,  Eocene  series  of,  521. 
Map  of  the  country  round  Heckfield, 

38 ;  of  the  plutonic  area  of  Garabal 

Hill  and  Meall  BreBC,facing  p.  104 ; 

of  Sark  and  adjacent  islets  (geolo- 


gical), facing  p.  124;  of  a  part  of 
Barbados  (geological),  facing  p.  202 ; 
illustrating  the  sequence  of  the 
'  Cambrian  *  Bocks  in  Oaemarron- 
shire,  PI.  VI. ;  illustrating  the  oe* 
ourrence  of  Baised  Beaches  and 
'Head'  (or  Bubble-dritt)  in  the 
south  of  England,  PI.  VIII. ;  of 
country  near  Hornchurch.  368 ;  of 
the  Witwatersrandt  Goldfields  (geo- 
logical). PL  XL ;  of  a  part  of  N.  W. 
London,  454;  of  part  of  Bassen- 
thwaite  and  Skiddaw  Forest  (geo- 
logical), 509 ;  of  the  Island  of  Trini- 
dad and  neighbouring  mainland, 
facing  p.  519;  of  part  of  Upper 
Egypt,  facing  p.  576. 

MaKhlyn  Bach,  246. 

Mardyke,  the,  365  et  seqq. 

Marine  fossils  in  Lower  Bagshot  Beds, 
487. 

MassospondyluB,  Proc.  190. 

Mattingley.  37,  39. 

Mauchline  Hill  picrite,  Proc.  151. 

Mayer-Eymar,  Prof.  C,  award  of 
proceeds  of  the  Barlow-Jameson 
Fund  to,  Proc.  35. 

Meall  Breac,  plutonio  rocks  of,  104- 
120. 

Medmerry  Fbrm,  Pleistocene  deposits 
near,  348  et  seqq. 

Melvin's  Hill  (Barbados)  rocks,  173» 
180. 

Merse  of  Berwickshire,  plateau-erup- 
tion in,  Proc.  108. 

Mesonacis,  236. 

Mesosaurtis  pleurogasier,5&I ;  M.  tenuis 
dens.bdl. 

Metropolitan  (Transvaal),  section, 
421. 

Mewslade,  raised  beach  and  'head' 
near.  291. 

Mica-augite-andesite  of  KiUerton, 
507. 

Mica-porphyrite  of  Eperqueries,  140- 
141. 

Mica-traps  of  Sark,  142-144. 

Micro-crystals  of  qiiartx  in  Devonian 
limestones,  383  et  seqq. 

Micro-pegmatite  of  plutonic  rocks, 
117. 

Microcline,  in  plutonic  rocks  of  Gara- 
bal Hill,  etc.,  110. 

Microlitio  needles  in  Devonian  lime- 
stones, 383  et  seqq. 

Microporella  distoma,  162. 

Microscopic  structure  of  some  Trini- 
dad rocks,  Mr.  J.  W.  Gregory  on 
the,  538-540. 

Midgham,  rubble-drifb  at,  311-^12. 

Miliolina  venusta,  197. 
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Mincbin  Hole  Oare,  289. 

Mineralogical  composition  of  plutonic 
rocks,  108-115. 

Minffordd,  255,  258. 

Minieh,  482,  484. 

Minute  structure  of  Barbados  Bocks, 
172-182. 

Mochrum,  Hill  of,  Proc,  88. 

Moel  Gronw,  250. 

Moel-y-Oi,  251,  262  ^  seqq, 

Mool-Khiw-wen,  252  et  seqq. 

Moel  Tryfaen,  24(5.  251. 

Moel  Tryfaen  Drifts,  P/w?.  181-182. 

Moine  Thrust,  229. 

Mokattain  Hills.  483. 

Molecular  relations  of  bases  and  silica 
in  certain  plutonic  rocks,  diagram 
illustrating  the,  facing  p.  116. 

MoUusca  of  the  raised  beaches,  298- 
302 ;  from  West  Wittering  (Pleisto- 
cene), 367 ;  from  the  Gloppa  Drift, 
91-93 :  Tertiary,  of  West  Indie-, 
535-^36. 

Monckton,  Mr.  K.  W.,  on  the  GraTcls 
south  of  the  Thames  from  Guildford 
to  Newbury,  29-45 ;  on  the  Bagshot 
Beds  of  Bagshot  Heath,  48-58. 

Monte  Felato,  438. 

Moray  Firth  Toloanic  rocks,  Proc.  94. 

Morosaurus  breris,  376. 

Mortimer  Hill,  39. 

Morton,  Mr.  G.  H.,  award  of  the 
Lyell  Medal  to,  Proc.  33. 

Morton  Castle  rock,  Proe.  151. 

Mosses  (Pleistocene)  from  West  Wit- 
tering and  Selsey,  358. 

MoBspaul  (Ewesdale),  Proo.  119. 

Mount  Misery  (Barbados)  rock,  174. 

Mudfltones,  grey,  of  Barbados,  180- 
181. 

Murchison  Centenary  Fund,  awarded 
to  Messrs.  Peach  &  Home,  Proc.  36- 
37 ;  Murchison  Geological  Fund, 
award  of  balance  of  proceeds  to  Mr. 
Beeby  Thompson,  Proc.  32 ;  Mur- 
chison Medal  awarded  to  Prof.  A. 
H.  Green,  Proc.  31. 

Murchisonia  hibernica,  563 ;  M.  Tatei, 
563 ;  M.  quadricarinatay  564 ;  M. 
quinquecarinaia,  Ya.T.pulchellaf  566 ; 
M.  conula,  var.  convexa,  567  ; 
Hf.  jientonensis,  569 ;  M.  Kirk- 
byij  570 ;  M.  plana,  571 ;  M.  elon- 
gaia,  571 ;  M.  tuedia,  572 ;  M,  tele- 

'    'scopium,  573. 

Mushroom-Fhaped  structures  within 
vesicles  in  obsidian,  439. 

Nant  Efa,  259. 

Nantlle,  section  near,  246, 251. 

Naparima  Beds,  217-218,  520  et  seqq. 


Naparima  Hill  and   San   Fernando, 

view  of,  527. 
Naparima  microzoic  rocks,  characters 

of  some  of  the,  525-^30,  538-540. 
Nariya  Series,  520,  521. 
Needles,    microlitio,     in     Deyonian 

limestones,  383  et  seqq. 
Neural  arch  of  Eunotosaurus,  583 ;  of 

NesosauruSy  588  et  seqq. 
Neustioosauria  defined,  604. 
Neusticosaurus,  600. 
New  England  Hill,  mrel  on,  42-43. 
Newbury  and  Guildford,  gravels  be- 
tween, 29-45. 
Newhaven   (Sussex),  rubble-drift  at, 

267. 
Newlands  Comer,  irravel  worked  near, 

33.  ^ 

Newton,  Mr.  E.  T.,  and  Mr.  G.  Shar- 

man,  on  a  new  form  of  Agelacri- 

nites  {Lepidodiscits  Milleri,  n.  sp.) 

from    the    Lower     Carboniferous 

Limestone   of   Cumberland,    150- 

152. 
Nicholson,  Mr.  A.  C,  on  High-level 

Glacial  Grayels,  Gloppa,  Oyrn-y- 

Bwch,  near  Oswestry,  &\. 
Nicker  Hill,  Proc.  146-147. 
Nicol's  theoiT  of  the  '  Parallel  Roads,' 

1^17. 
Nigel  Gold-mine,  section,  430. 
Nigel  Mynpacht,  section,  431. 
Nithsdale,  Permian  volcanic  rocks  in, 

Proc.  148  et  seqq. 
Nodosaria  hispida,  197 ;  N.  raphanis- 

trimi,  535. 
Nodular  felsite,  Proc,  98. 
Noir  Bee  crag,  128. 
Nooitgedacht,  section  from,  to  Notre- 

Dame,  PI.  X. 
North  Berwick  Law,  Proc.  113. 
North  Italian  Bryozoa,  Mr.  A.  W. 

Waters  on,  153-162. 
North-west  Highlands,  OUnellus-zone 

in  the,  227-241. 
Northesk,  Earl  of,  obituary  notice  of, 

Proe.  49. 
Noss  Sound,  Proe.  95. 
Nothosaurus  mirabiUs,  603. 
Nuhectdaria  Jonesiana,  514-515. 

Oceanic  Deposits  of  Barbados,  Mr. 

A.  J.  Jukes-Browne  and  Prof.  J.  B. 

Harrison  on  the,  170-225. 
Ochil  Hills,  Proc.  69,  74  et  seqq. 
Oddicombe  Bay,  section  in,  62. 
Ogwen   Valley    fault,    254;    Ogwen 

river,  255. 
Old  Oswestry,  section  from  Gloppa 

to,  89. 
Olenellus-zone     in    the    North-west 
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Higblands,  Measn.  B.  N.  Peach  and 

J.Horne  on  the,  227-241. 
Olenellus  Laptowthi,  236-239. 
Olivine  in  plutonic  rocks  of  Garahal 

Hill,  eto^  10a-la9. 
OliTine-augite  rocks,  Froe,  131. 
Olivine-basalts    from    the    Garlton 

Hills,    Proc,    III  ;    of   the    puy- 

series,  Froo,    131-132;  of  DcTOn, 

altered,  502-505. 
Olton's  Oaye  marl,  173. 
Orange  Grove  (S.  Africa),  section,  421. 
Orbitoides'beds  of  Trinidad,  523  et 

OjHbuIina,  535. 

Orcadid,  Lake,  Proc.  94,  100. 

Oreeton  Gave,  ossiferous  breooia  in, 

319. 
Organic  remains  found  in  Barbadian 

rocks,  193-201. 
Origin  of  foreign  boulders  in  raised 

beaches,  295-298;   of  boulders  at 

Selsey,  351;   of  the  rubble-drift, 

322-328;  of  gravels  of  the  Thames 

Yallev,   360;   of  gold,  discussed, 

436-437. 
Oropuch  Lagoon,  section,  522. 
Ortnoolase,    in    plutonic    rocks    of 

Garabal  Hill,  et^,  110. 
Os  pubis  of  PolacatUhus  Foxii,  Prof. 

H.  G.  Seelej  on  the,  81-85. 
Ossiferous  oaves  in  Gower,  289-290 ; 

in  Devon,  319. 
Ostracoda  in  Taplow  Chalk,  514. 
Oswestry,  high-level  Glacial  gravels 

near,  86-93. 
Overlap  of  Bagshot  Beds,  52,  55-56. 

Paeham,  section  near,  271. 

PoUisaspis,  Prof.  E. W.  Olaypole  on  the 
structure  of,  542-561. 

Palfeopneustes,  163  et  seqq. 

PalflBosauruB,  Proo,  189. 

Palagonite-tuff,  Proo.  133. 

Pale  Banded  Slates,  254-256. 

Pale  Slates,  244  ei  seqq.,  249 ;  junc- 
tion with  Bronllwyd  Grit,  247. 

Pandy,  256. 

Pap  Craig,  Proc,  78. 

Parallel  Boads  of  Glen  Boy,  9  et 
teqq,;  height  and  horizontallty  of, 
17-19. 

Pare  Bryniau,  255. 

Pare  Bwlch,  251. 

Pare  Drysgol,  260. 

Pftvotubigera  flabellata,  161. 

Peach,  Mr.  B.  N.,  award  of  Hurohi- 
son  Centenary  Fund  to,  Proo,  37 ; 
and  Mr.  J.  Home,  on  tbe  OleneUus-^ 
sone  in  the  North-west  Highlands 
of  Scotland,  227-240. 


Peat-    and    forest-beds,    submerged, 

probable  cause  of,  96-103. 
P^^ne  Bay,  134. 
Pelvis  of  Polaoantkua,  Mr.  R  Lydek- 

ker  on  part  of  the,  148-149. 
Pembrokeshire,   raised   beaches  and 

*  head 'in,  293. 
Pen  Care^-fran,  246. 
Pen  Isa'r  Waen,  258. 
Penrhyn  Quarry  sUtes,  248. 
Pentland  HiUs,  Proe,  70,  72  et  eeqq. 
Pentuan  Valley,  317. 
Penzance,  raised  beach  and  'head' 

near,  280. 
Peridotites,  age  of,  117. 
Periods  of  volcanic   action   in  the 

British  Isles,  Proc,  169. 
Permian  breccia,  62-63,  75-77. 
Permian  sandstones  in  South  Devon, 

72-76. 
Permian  yolcanic  rocks,  Proe,  147- 

162. 
Petrodistow,  rubble-drift  at,  318. 
Petroleum  at  Whitehouse,    Norton, 

489;  in  Upper  Egypt,  680. 
Phenocrysts,  olivine,  in  Devon  ba- 
salts, 503-504;   plagioolase,  ibid., 

504. 
Philippine  Estate    (Trinidad),    rock 

from,  219. 
Pholas  crispata  at  Selsey,  354. 
Physical   changes  in  the  Caribbean 

region,  221-225,  536-^38. 
Pico  Teneriffe  (Barbados),  marl  from, 

173. 
Picrite  of  the  puy-series,  Proe,  128- 

120, 131  ;  of  Port  du  Moulin,  141- 

142 ;  dioritic,  of  White  Hause  and 

Great  Cockup,  608-513. 
*  Pipe  Rock,'  228  et  seqq. 
Pipeclay  in  Ba^ot  Bods,  52-53w 
PiBtacmo-breccia,  579. 
Pitandrew  limburgite,  Proe.  131. 
Plagioolase,    in    plutonic    rooks   of 

Garabal  Hill,  etc.,  110 ;  pUgiodase 

phenocrysts  in  Devon  basalts,  504. 
Phints  (Pleistocene)  from  West  Witr 

tering,  358. 
Plant-remains  in    Endsleigh  Street, 

458 ;  in  Gordon  Street,  463. 
Plateau-eruptions,  Proo,  105-125. 
Plateau-gravels,  41. 
PUtes  of    PdUKupia,   Uteral,    551- 

563. 
Pleistocene  deposits  of  the    Sussex- 
Coast,  Mr.  Clement  Beid  on  the, 

344-364. 
Pleurostomella,  197. 
Plumtree  Gully  rock,  216-217. 
Plutonic  rocks  of  Garabal  Hill  and 

Meall  Breac,  Messrs.  J.  B.  Da^ns 
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and  J.  J.  H.  TeaU  on  tho,  104- 

120. 
Plymouth,  raiaed  beach  at,  279. 
Point   Derrihle    (Sark),    section    at 

eastern  corner  of»  128. 
Point  Norman  (Chiemaey),  135. 
Pointapier  (Tnnidad)    section,    the, 

630-531. 
Polacantkus,  Mr.  B.  Lydekker  on  part 

of  the  pelvis  of,  148-149. 
PolaoanAus  Foxii,  Prof.  H.  G.  Seeley 

on  the  08  pubis  of,  81-85. 
Polymorphina  angusta,  197. 
Polyzoa,  North  Kalian,  Mr.  A.  W. 

Waters  on,  153-162. 
Pomeroy  porphyrites,  Proc,  97. 
Fontrhythallt,  254.  259. 
Pore/s  Spring  (Barbados),  Oceanic 

DepoeiU  at,  208-209. 
Porlock,  317. 
Porphyrites  of  the  Lower  Old  Bed 

Sandstone,  Proe.  73-75;   Carboni- 
ferous, Proe»  III. 
Porphyritio   granite,    in    the   West 

Highlands,  105  et  aeqq. 
PorphjTy  m  Upper  Egypt,  576,  580. 
Port  k  la  Jumeut  (Sark),  123  et  teqq. 
Port  du  Moulin  (Sark),  123  et  aegg. ; 

section  near,  128-132. 
Port-ds-Saies  (Sark),  125  ei  seqq. 
Porth  Glaus  Harbour,  raised  beach 

near,  293. 
Portland  Bill,  section  at,  277-27a 
Portsdown,  raised  beach  at,  274. 
Portsea,  boulders  at,  274. 
PorUlade,  section  at,  270-271. 
Postlethwaite,  Mr.  J.,  on  the  Dioritic 

Picrite  of  White  Hause  and  Great 

Cockup,  508-613. 
Potchefstroom  and  Yredefort  district, 

geology  of,  432-433. 
Pro-Cambrian  age  of  Torridon  Sand- 
stone, 235,  2^ 
Pressure  metamorphism  in  the  Alps, 

395-^96. 
Prestwich's  remarks  on  Glen  Boy, 

combated,  24-27. 
Prestwich,   Prof.  J.,    on  the  Baised 

Beaches,  and  'Head'  or  Bubble- 
drift  of  the  South  of  England,  and 

on  a  late  post-Glaoial  Submergence, 

263-343. 
Proganosauria  defined,  604. 
Pseudasterostoma,  166. 
Pteraspis  Integra,  Kunth's  discofery 

of,  543-544. 
Pteropod  ooze  of  Jamaica,  220-221. 
PumioeouB  earths  of  Barbados,  180; 

of  Trinidad,  528,539. 
Purbeok,  Isle  of,  raised  beach  and 

'head 'in  the,  277. 


Purple   Slates,    244   et  uqq.,    249- 

252.    ' 
Puy-eruptions,  Proc,  125-145. 

Quartz,  in  plutonio  rocks  of  Garabal 
Hill,  etc.,  110-111 ;  micro-crystals 
of,  in  DeTonian  Limestones,  383 
et  seqq, ;  inclusions  in  *  felspathic ' 
traps  of  DcTon,  505-506. 

Quartz-diorite  in  the  W.  Highlands, 
104  et  teqq. 

Quartz-porphyry  at  Dunchideock, 
506  ;  at  Withnoe,  500. 

Quartzites  (Durness),  basal,  228  et 
eeqq. 

Quartzite-and-shale  Group,  Low<»r, 
north  of  Johannesburg,  420-423; 
relations  of,  to  underlyiug  rocks, 
423-424. 

Quercy,  Dacrytherium  ovinum  from, 
1-4;  Fifwrra  from,  373-374. 

Quintynes  (Barbados),  Oceanic  De- 
posits near,  206. 

Quothquan  Hill,  Proc.  89. 

Badiolarian  beds  of  Barbados,  chemi- 
cal composition  of  the,  186-189; 
marls  or  South  Naparima,  525  et 
xqq,,  538-539. 

Bain-map  of  Scotland,  6. 

Baised  Beaches  of  Southern  England, 
Prof.  J.  Prestwich  on  the,  26S^3. 

Baisin,  Miss,  report  on  Barbados 
rocks,  176, 180-181,  215,  216. 

Bamsay,  Sir  A.  C,  obituary  notice  of, 
Proc,  38-47. 

Bannoch  diorite,  120. 

Beade,  Mr.  T.  Mellard,  on  the  Drift 
Beds  of  the  North  Wales  and  Mid- 
Wales  Coast,  Proc.  181. 

Beading,  gravel  near,  44. 

Bed  argillaceous  earths  of  Barbados, 
chemical  composition  of  the,  189- 
192. 

Bed  Bocks  of  South  Devon,  Prof. 
Edw.  Hull  on  the,  60-67  ;  Bev.  A. 
Irving  on  the,  68-77;  in  Tees 
District,  488  ei  aeqq. 

Bedan  Hill,  52. 

Bedesieh  (^^pt),  carbonaceous  shale 
at,  483. 

Beid,  Mr.  Clement,  on  the  Pleistocene 
Deposits  of  the  Sussex  Coast,  and 
their  equivalents  in  other  Districts, 
344-361. 

Belation  of  raised  beaches  to  valley- 
drifts,  302-^03;  molecular  and 
chronological,  of  constituents  of 
plutonic  rocks,  116-120;  physical, 
of  the  Witwatersrandt  Books,  423- 
427. 
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Beplacemeni,  partial,  of  hornblende 

by  biotite,  131, 136. 
Beticulate  ornamentation  of  Olenellua, 

239. 
Review  of   disooyerj  of   PalaaspU^ 

642-543. 
Bhiw-wen  grit,  244  et  seqq.,  252-254. 
Bhoe  Sili  Bay,  •  head,'  etc.,  in,  291- 

292. 
Bibe  of  Eunotosaurtts,  583  ;  of  Meao- 

sauruSt  58Tet  seqq. 
Biohmond,   Mr.   H.  D.,   and   £.  A. 

Johnson  Paaha,  on  the  Geology  of 

the  Nile  Valley,  481-484. 
Bichthofen,  Baron  F.  yon,  award  of 

the  WoUaston  Medal  to,  Proe,  28. 
Biseley  Common,  37. 
Boberts,  Mr.  Thos.,  obituary  notice 

of,  Proc.  54. 
Bock  Dundo  limestone,  216. 
Bomer,  Prof.  C.  Ferd.  yon,  obituary 

notice  of,  Proe.  58-60. 
Bomokk  Gold-mine,  section,  430. 
Botalia  Soldanii,  197. 
Bothell,  river,  251,  254,  256. 
•  Botten  Marl,'  488. 
Bottingdean,  rubble-driffc  at,  267. 
Bough  Burn,  13,  16,  23. 
Bound  Butt,  gravel-pit  near,  35. 
Bubble-drift  of   Southern   England, 

Prof.  J.  Prestwich,  on  the,   263- 

343. 

Saignie  Bay  (Sark),  124  et  seqq. 

St.  Ann's  Grit.  244  et  seqq,.  249-252. 

Saloombe  fishin^grouuds,  foreign 
boulders  from,  2W. 

Salcombe  HiU,  60,  66. 

Saliferous  marls  in  Tees  District,  488, 
490  et  seqq. 

Salisbury  Gold-mine  (Transvaal), 
410-412;  section  in,  411. 

Salterella  in  Olenellm-zone,  240. 

San  Fernando  and  Naparima  Hill, 
view  of,  527. 

Sandstone  enclosed  in  lava,  Proc.  82. 

Sandy  Gate,  72,  74. 

Sark,  crystalline  rocks  of,  122-146. 

Scotland,  rain-map  of,  6. 

Scotland  Beds  (Barbados),  170,  201, 
203  et  seqq. 

Scuir  of  Eigg,  Proc.  168. 

Second  Beef  Series  (Witwatersrandt), 
417. 

Secondary  quartz,  71. 

Section  from  Farnham  Park  to  the 
Biver  Blackwater,  31;  at  Upper  Hale, 
Gsesar's  Camp,  Aldershot,  32 ;  from 
Chobham  Bidges  to  the  Hale  Bourne, 
42  ;  above  Oddicombe  Bay,  62  ;  at 
Sidmouih,  66 ;  at  Gloppa,  Cym-y- 


Bwch,  near  Oswestry,  87 ;  ibid., 
facing  p.  88 ;  from  Glopna  to  Old 
Oswestry,  89;  from  Itheirs  sand- 
pit, Unton,  Chester,  to  the  Chester 
and  Birkenhead  road,  97;  from 
EUesmere  Port  to  Inoe  Ferry,  100 ; 
through  Welsh  Town  and  drooade 
Hall  (Barbados),  204 ;  along  rail- 
way near  Bath  (Barbados),  206 ; 
from  Chimborazo  to  Castle  Grant 
(Barbados),  207;  through  Mount 
Hillaby  (Barbados),  210,  211;  in 
Allt  Bigh  Ian,  229;  from  Sgurr 
Ban  to  Loch  an  Nid  Craig,  233; 
in  Bryn  -  Hafod  -  y  -  Wem  slate 
quarry,  245 ;  in  quarry  S.  of  NantUe, 
246 ;  at  Braioh  Melyn,  247 ;  from 
Dinas  Dinorwig  to  Moel  Bhiw-wen 
and  Pare  Drysgol,  250 ;  across  Moel- 
y-Ci,  253 ;  between  Felin  Hen  and 
Tregarth,  253 ;  west  of  Eaetboume, 
266 ;  of  rubble^rift  at  Birling  Gap, 
267  ;  east  of  Kemp  Town,  268 ;  near 
Portslade,  270 ;  near  Pagham,  271 ; 
on  western  side  of  Portland  Bill, 
277  ;  in  Pistral  Bay,  282 ;  at  Baggy 
Point,  285 ;  at  Anchor  Head  Hill, 
287;  west  of  PorthCUus  Harbour, 
293  ;  at  Upchurch,  308 ;  near  Ilfra- 
combe,  318 ;  at  Black  Book  (Tenby), 
320 ;  at  Sepham  Farm,  321 ;  from 
Brighton  to  Eastbourne,  PL  VII. ; 
from  Southwick  to  Portslade, 
PI.  VII. ;  from  Guildford  to  Chil- 
worth  Valley,  PI.  VII. ;  from  Did- 
cot  to  Chilton,  PI.  VII. ;  at  Frem- 
ington,  PI.  VII. ;  in  Mewjlade  Bay, 
PI.  Vn.  ;  in  Bhofl  Sili  Bay, 
PI.  VII. ;  at  Medmerry  Farm,  ai9; 
at  Selsey  Bill,  355';  in  Homchurch 
cutting,  368;  along  the  Haalithal, 
392;  across  Salisbury  Mine,  411 ; 
across  Henry  Nourse  Mine,  411 ; 
across  Cinderella  Gold-mine  and 
Boksburg  Colliery,  416  ;  of  hill  be- 
hind Jeppe's  Township,  419;  from 
Johannesburg  to  Braamfontein, 
421 ;  from  Orange  Grove  to  Metro- 
politan, 421 ;  across  Nigel  and  Bo- 
mola  Gk)ld-m  ines,  430 ;  east  of  Ni^l 
Mynpacht,  431  ;  (dia^^^mmatic) 
from  Johannesburg  to  Vaal  Biver, 
PL  X. ;  (diagrammatic)  from  Nooit- 
gedacht  to  Notre-Dame,  PL  X. ; 
(diagrammatic)  from  Vredefort  to 
Buffelsdoom,  PL  X.  ;  through 
Eudsleigh  Street  and  along  western 
side  of  Tavistock  Square,  456;  along 
southern  side  of  Endsleigh  Gardens, 
459 ;  along  southern  sides  of  Tavi- 
stock and   Gordon  Squares,  462; 
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through  Gordon  Street  and  along 
western  lide  of  Gordon  Square,  466 ; 
firom  Taruba  Oreek  to  Oropuoh 
Lagoon,  622. 

Section  (microeoopic)  showing  partial 
replacement  of  hornblende  uy  bio- 
tite,  131 ;  showing  dolomite  crys- 
tals in  Deronian  JUmestone,  381. 

Seelej,  Prof.  H.  G.,  on  the  Os  pubis 
of  Polaeantkus  Faxii,  81-^ ;  on 
Delpkinoffnathu8  conocepkalus  from 
the  Middle  Karoo  Beds,  Gape 
Colony,  469-476 ;  on  further  eyi- 
denoe  of  Endothiodon  hathfttoma 
(Owen)  from  Oude  Kloof  in  the 
Kieuwreldt  Mountains,  Gape 
Colony,  476-480 ;  on  a  new  Beptile 
firom  WelteVreden  (Beaufort  West\ 
Eunotosaurus  africawu  (Seeley )  ,683; 
on  the  Mesosauria  of  South  Africa, 
686-604 ;  contribution  to  a  know- 
ledffe  of  the  Saurischia  of  Europe 
and  Africa,  Vroc.  1 88-191. 

Selattyn  Hill,  86. 

Selsey  Bill,  erratio-grayel  of,  347-354 ; 
mud-deposit  of,  066. 

Sepham  Farm  (Shoreham),  section  at^ 
321. 

*■  Serpulite  Grit,'  228  €t  segq, 

Serpulites  Maccullochii,  231, 234, 236. 

ScTenoaks  district,  rubble-drift  in  the, 
310. 

Serem  Straits  hypothesis,  287. 

Sgurr  Ban,  227  et  aeqq. 

Sflurr  Dearg  breccia,  Froe,  165. 

Snapinsbay,  Proc.  94. 

Shapley  Heath,  grayel  on,  39. 

Sharman,  Mr.  G.,  and  Mr.  E.  T. 
Newton,  on  a  new  form  of  Agehr 
crinites  (Lepidodiacta  MiUeri^  n.  sp.) 
from  theljower  Carboniferous  Lime- 
stone of  Cumberland,  160-162. 

Shetland  Isles,  Proc.  94-95* 

Shields  o£  Palmaxp%8y  the  two,  649- 
651. 

Shone,  Mr.  Wm.,  on  the  Subterranean 
Erosion  of  the  Glacial  Drift,  a  pro- 
bable cause  of  submerged  peat-  and 
forest-beds,  96-103. 

Shoulder-girdle  of  Mesotaunu^  692  et 

Sidlaw  Hills,  Proc,  69,  85,  87. 

Sidmouth,  section  at,  66. 

Silchester  type  of  Southern  Drift,  37- 

40. 
Silica  and  bases  in   plutonic   rocks, 

molecular  relations  of,  116. 
Silica  percentage  in  tu£b,  Proc.  79. 
Siliceous  and  silioeo-calcareous  earths 

of  Barbados,  174-176. 
Silicified  earths  of  Barbados,  176-176. 

aJ.G.S.  No.  192. 


Sills  and  dykes,  Lower  Old  Bed  Sand^ 
stone,  Proc.  76-78,  91-93  ;  plateaa- 
series,  Proe,  122-123  ;  puy-senes, 
Proc.  140-143  ;  Permian,  Proc.  159 ; 
Tertiaiy,  Proc.  163-164,  166. 

Sipero  Cre«k,  623,  524. 

Sittingboume,  rubble-drift  near,  306. 

Sketch  of  country  near  Gloppa,  88 ; 
sketch-diagrams  illustrating  subter- 
ranean erosion,  98 ;  of  rocks  near 
the  Natural  Arch,  Port  du  Moulin, 
129 ;  of  hornblende-rock,  with  breo- 
ciated  structure,  t6«2.,  130;  of  banded 
rocks.  Port  k  U  Jument,  133 ;  of 
rocks  above  the  shore,  ibid.,  132 ; 
of  granite  vein  in  P^g&ne  Bay,  134 ; 
of  crystalloids  and  coocoliths  in  Bar- 
bados rocks,  178 ;  of  block  of  Bron- 
llwyd  Grit,  247  ;  of  dolomite  in 
Deyonian  lAmeetone,381 ;  of  shields 
of  PaUBoapis^  660 ;  of  lateral  plates, 
id,  652  ;  of  *fins,'  id.,  664,  666; 
of  restoration  of  Pafaaapia,  660. 

Skull  of  DdphinognathuB  conocephaha, 
figures  of,  470,  472 ;  skull  of  Ifeso- 
MttrtM,  691  et  aeoq. 

Sling,  249,  266. 

Snow-line  in  Lochaber,  leyel  of  the, 
&-9. 

Solent-rirer  hypothesis,  274. 

Solway  basin,  plateau-eruptions  in, 
Proc.  108-109. 

South  Devon,  Bed  Bocks  of.  Prof.  Edw. 
Hull  on,  60-67;  Eer.  A.  Irring 
on,  68-77. 

South  Naparima  marls,  626  et  mqq. 

Southern  Drift,  30-40. 

Southwick,  rubble-drift  at,  270. 

Specific  gravity  of  plutonic  rocks,  107. 

Spenoerwood  Common,  gravel  at,  37. 

Spherulites,  hollow,  in  altered  rocks, 
443-444. 

Spiropleota  americana,  636. 

Springfield  (Barbados)  rock,  174, 176, 
214. 

Staganolepis,  Proc.  189. 

Stanniferous  gravel,  316-317. 

Stephanoceras  mibprocerwn,  449;  8- 
procerum,  44S,  4A9 1  8.  cramgiggag. 
449. 

Stereosternwn,  relations  of  JlfseoMtirtM. 
with,  698  et  segq. 

Stomatopora  major,  161. 

Stonehaven,  conglomerates  near,  Proc. 

85- 

'  Strain-slip '  cleavage,  126. 

Stratigraphy  of  the  Naparima  Beds, 
620-525. 

Stream-tin  detritus,  316-317. 

Striated  erratic  from  Selsey  Bill,  pho- 
tograph of,  382. 
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Submerged  peat-  and  forest-bede,  pro- 
bable oaoae  of ,  96-108. 
Snbmergenoe  of  Oaribbean  region,  221 

«t  «99.«  5S6-63a 
Sabmergenoe,  late  poet-Glacial,  Prof. 

J.  Preetwioh  on,  329-343. 
Sabterranean  eroeion  of  the  glacial 

drift,  96-103. 
Boooeerion,  Cambrian,  2i4 ;  Oretaoeo- 

Eocene  (in  Trinidad),  6S8. 
SuMex  OoBflt,  Fleistooene  depoaits  of 

the,  344-864. 
Sufsez  Goaat  Plain,  nibble-drift  and 

raiaed  beach  in  the,  271-273. 
Syenite  boulderi  (Glen  Spean),  23-24. 
Syitematic  position  of  OlenellidB,  240, 

242. 

Tairffjmnon  Conglomerate,  244  ti 
tegg^  258-269. 

Tal-y-Sam,  251. 

Taruba  Creek,  aeotion,  522. 

Tate,  Mr.  Thoe.,  on  Recent  Borings 
for  Salt  and  Coal  in  the  Tees  Dis- 
trict, 488-495. 

TaTistock  Square,  section  in,  461-463. 

Teall,  Mr.  J.  J.  K..  and  Mr.  J.  B. 
Dakyns,  on  the  Plutonic  Rooks  of 
Garabal  Hill  and  Meall  Breac,  104- 
120. 

Tsnbj,    raised  beach  and  '  head '  at. 


Tsxtuhinadseurrmt,  6\6;  T.mrata, 

515. 
Thames,  graTels  south  of,  29-45. 
*  Thames  Straits  theory,'  41. 
Thames  Galley,  rubUe-drift  in  the, 

811-312;  origin  of  grayels  of  the, 

360. 
Thanet^  Isle  of,  rubble-drift  in  the, 

264, 
Theoodontosaurus,  Proo,  189. 
Third  Reef  Series  (Witwatersrandt), 

417. 
Thompson;    Mr.    Beeby,    award    of 

balance  of  proceeds  of  Murobison 

Geoloffioal  Fqnd  to.  Free,  32. 
ThomhiU  (Dumfries),  Proc,  151. 
Tilehurst  plateau,  40-41. 
Tillicoultiy,  granophjric  quartz-dio- 

rite  near,  Proc,  77,  87. 
Tinoporus  asteriscos,  534-^35. 
Tinto  Hill,  intmsiTe  roek  of,  Proc.  78, 

88^89. 
Tom-na^fersit,  14. 
Tonalite,  in  the  W.  Highlands,  104  ei 

Torquay    District,    Lower    Permian 

breccia  in,  62. 
Torridon  Sandstone,  228  oi  seqg. 


Tradiytes  of  the  Lower  Old  Red  Sand- 
stone, Proe.  75-76;  Carboniferous, 
Proc.  iia. 

Traprain  Law,  Proc,  113;  analysis  of 
rock  from,  Proe.  1 14. 

Tregarth,  252-253,  256  et  ttgg. 

Treig,  Loch  and  Glen,  19.  20,  23. 

Tridymite  crystals  in  Tesides  in  obsi- 
dian, 441. 

Trinidad  mioroioie  rocks,  217-219; 
Mr.  R.  J.  L.  Gappy  on  the,  519- 
538. 

Troiseeaoh,  105  et  Mgg. 

Tubules  in  DeTonian  Limestone,  378. 

Tnifs  and  agglomerates  of  Lower  Old 
Red  Sandstone,  Proc.  78-80  ;  of  the 
plateau-series,  Proc.  114;  of  the 
puy-series,  Proe.  1 33-1 34. 

Tunnel  Hill,  52. 

Tumber^  Point,  Proc,  82,  83. 

Turret,  Glen,  15,  24,  25. 

Unmodified  earths  and  marls  of  Bar- 
bados, 172-176. 

Upohurch,  rubble-drift  near,  307- 
308. 

Upheayal  of  Caribbean  region,  221  ei 
aegq,,  537. 

Upper  Hale,  section  at,  32. 

Upper  Hale  type  of  Southern  Drift, 

3a-3a 

Upper  Mottled  Sandstone  (Bunter), 

Upper  Old  Red  Sandstone,  contempo- 
raneous Tolcanic  rocks  in,  Proe.  99- 
101. 

Upton  (Chester),  section  near,  97. 

Vaal  RiTer,  section  from  Johannes- 
burg to,  PI.  X. 

Valley-drifts,  relation  of  raised  bsaidies 
to,  302-303. 

Tein-quarta  boulders,  34. 

Yenu,  Lower  Old  Red,  Proe.  86-91 ; 
Carboniferous,  Pfw.  118-122,  I35- 
I38;  Permian,  iVw.  153-158. 

Vermand*  Bay  (Sark),  ift. 

Vemeuilins  triquetra,  197. 

Yertebra  of  EunotoBourua,  583;  of 
McBooavrw,  587  et  segq. 

Yirginia  Water,  Bagshot  Beds  near. 


Yolcanio  action  in  the  British  Isles, 
history  of,  Proe.  60-179. 

Yoloanic  rooks  in  Nile  Valley,  483- 
484. 

Yolcanio  sands,  etc.,  of  Barbados,  che- 
mical composition  of  the,  192-193. 

Yorsaas,  gneiss  at,  393,  398. 

Yredefort  and  Potchefktroom  districts, 
geology  of  the,  432-433. 
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Wadhunt  Olaj,  Dinoaaurian  foot- 
bonoB  fh)m  the,  375-376. 

Wadi  Jemal  area,  geology  of  the, 
678-579. 

Wadis  Abbad,  Nataah,  and  Sbaid,  579- 
580. 

Wady  Haifa,  geological  features  of 
country  near,  481. 

Waen  Pentir,  257. 

WagbuUook  Hill,  35. 

Walford,  Mr.  Edw.  A.,  award  of  one 
half  of  balance  of  proceeds  of  the 
Lyell  Geological  Fund  to,  Proc.  35. 

Wallingford,  rubble-drift  at,  313- 
314. 

Washfield, '  felspathic  trap  *  at^  497. 

Waterhead,  150. 

Waters,  Mr.  A.  W.,  on  North  Italian 
BryoKoa  (CycloaomtUa),  153-162. 

Wave-action,  in  Glen  Boy,  19-23. 

Webbina,  535. 

Well  Hill,  Ohelsfield,  33. 

Wellington  College  well-section,  48, 
51,  m,  485. 

Welsh  Town  (Barbados),  203,  204. 

Wembley  Park,  Pleistocene  deposits 
at,  468. 

West  Wittering,  Pleistocene  deposits 
at,  350, 355  et  seqg, 

Westleton  Shingle,  40. 

Weston-super-Mare,  raised  beach  at, 
286 ;  section  near,  287. 

Westward  Ho,  raised  beach  and  'head' 
near,  283. 

Wethered,  Mr.  Edw.,  on  the  Micro- 
scopic Structure  and  Residues  in- 
soluble in  Hydrochloric  Acid  in 
the  BeTonian  Limestones  of  South 
Devon,  377-387. 

White  Hill,  gravel  at,  42. 


White  Limestone  of  Jamaica,  180, 
219-220. 

Whitelaw  Hill,  Proe,  no. 

Whitesand  Bay,  raised  beach  and 
*  head*  in,  293-294. 

Wight,  Isle  of,  Daciytherium  from  the, 
1-4;  Pofaoanfhus  from  the,  148- 
149 ;  raised  beaches,  etc.,  in  the, 
27^277. 

Wilkinson,  Mr.  0.  S.,  obituary  notice 
of,  Proe,  54-55. 

Williamson,  Prof.  W.  0.,  on  the  Mine- 
ralization of  Fossil  Bemains,  Proc. 
184-185. 

Windlesham,  grayels  at,  36. 

Witbnoe,  igneous  rocks  at,  500. 

Witwatersrandt,  geology  of  the,  409- 
429. 

Wobum  Place,  Upper,  section  in,  461. 

Wokingham,  54. 

Wollaston  Donation  Fund,  award  to 
Mr.  O.  A.  Derby,  Proc,  30 ;  Wol- 
laston Medal  awarded  to  Baron  F. 
Ton  Kichthofen,  Proc.  28. 

Woodcote  Lodge,  33. 

Woodspring  Hill,  raised  beach  at, 
286. 

Yoredale  Beds  at  Whitehoose,  Norton, 
490  et  seqq. 

Zandodon,  Proc.  189. 

Zlgno,   Baron   Achille   de,   obituary 

notice  of,  Proc.  60. 
Zone  of  raised  Dunes  or  Blown  Sands, 

304r^06. 
Zones  of  the  Durness  Series,  232-235. 
Zoutpansberg,  405. 
Zygomatic  ror  of  Endothiodon  IxUhy- 

stoma,  476. 
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